
Adapting ourselves from dawn till dusk: On the psychological aspects 

of Human Enhancement and the possibility of the lost Human 

Inaugural-Dissertation 

in der Fakultät Humanwissenschaft 

der Otto-Friedrich-Universität Bamberg 

vorgelegt von 

Niklas Alexander Döbler 

aus Berlin 

Bamberg 2025 



Dieses Werk ist als freie Onlineversion über das Forschungsinformationssystem 

(FIS; https://fis.uni-bamberg.de) der Universität Bamberg erreichbar. 

Das Werk steht unter der CC-Lizenz CC BY. 

Lizenzvertrag: Creative Commons Namensnennung 4.0 

https://creativecommons.org/licenses/by/4.0/ 

URN: urn:nbn:de:bvb:473-irb-109629x

DOI: https://doi.org/10.20378/irb-109629

Diese Arbeit hat der Fakultät Humanwissenschaft der Otto-Friedrich-Universität Bamberg als Dissertation 

vorgelegen. 

Tag der mündlichen Prüfung: 21.07.2025 

Dekan: Universitätsprofessor Dr. Claus H. Carstensen 

Gutachter: Universitätsprofessor Dr. Claus-Christian Carbon 

Weiterer Gutachter: apl. Prof. Dr. Harald Schaub 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0
https://fis.uni-bamberg.de
https://doi.org/10.20378/irb-109629
https://creativecommons.org/licenses/by/4.0/


HUMAN ENHANCEMENT FROM DAWN TILL DUSK  1 

Per aspera ad astra. 

Mein unendlicher Dank gilt Dr. Dorothee Busch, die ich just an dem Tag kennengelernt habe, als mir die Inspiration zur 

folgenden Einleitung kam. Ein Zeichen?! Ohne ihre Unterstützung, Nachsicht, Liebe, Lachen und Fürsorge hätte ich diese 

Arbeit nicht fertigstellen können. Ich kann mich allgemein glücklich schätzen, dass mich auf meinem Weg so viele 

Menschen begleitet und bestärkt haben. Das gilt vor Allem meiner, mit der Zeit gewachsene Familie, insbesondere meiner 

Schwester Ninotschka und meinen Eltern Anuschka und Wolf. Eine komplette Aufzählung und Würdigung läuft immer 

Gefahr, jemanden zu vergessen und Missmut hervorzurufen. Da sich die letzten zehn Jahre meines Lebens hauptsächlich 

in Bamberg abgespielt haben, seien an dieser Stelle und in jüngster Zeit dennoch Constanze, Anna, Thomas, Jonah & 

Nicolai (in order of appearance) erwähnt. In tiefer Dankbarkeit und Freundschaft verbunden bin ich Hanna und Sabrina, 

ohne die Bamberg nicht Zuhause geworden wäre. Auch ohne die praktische und emotionale Unterstützung von Sasha, 

Julia, Marlene, Marius, Folker, Monika, et al. wäre diese Arbeit nicht denkbar. Ich danke den Marken Red Band, Afri Cola 

und Coca-Cola für das glukosehaltige enhancement und Harald für seine Offenheit und Spontanität. Zuletzt sage ich 

danke an meinen Mentor CCC für dessen Rat, Humor, Inspiration und Besonnenheit.  



HUMAN ENHANCEMENT FROM DAWN TILL DUSK    2 

 

Content 
 

1. INTRODUCTION ......................................................... 5 

2. OUTLINE .............................................................. 9 

3. THE PHENOMENON ...................................................... 10 

3.1. CONCEPTUALIZATIONS OF HUMAN ENHANCEMENT ...................................... 10 

3.2. ADVERSARIES AND ADVOCATES OF HUMAN ENHANCEMENT ................................ 11 

3.3. A PSYCHOLOGICAL APPROACH .................................................. 15 

3.4. THE FUTURE IS NOW! ....................................................... 16 

3.5. THERE ARE TOO MANY OF THEM! ................................................ 18 

3.6. A PHILOSOPHICAL COMPANION ................................................. 19 

3.7. ACTIVE HUMANS ........................................................... 23 

3.8. SUMMARY ................................................................ 25 

4. ADAPTING OURSELVES INSTEAD OF THE ENVIRONMENT ....................... 25 

4.1. WHAT IS NEEDED? ......................................................... 25 

4.2. MAPPING THE PHENOMENON .................................................... 26 

4.3. PRACTICING HUMAN ENHANCEMENT ............................................... 28 

4.4. EMBODIED TECHNOLOGIES ..................................................... 29 

4.5. MULTISTABILITY .......................................................... 33 

4.6. THE IMAGINED ENHANCEMENT .................................................. 33 

4.7. EFFECTIVE ADAPTATION OF OURSELVES ........................................... 37 

4.8. MOLDING THE SELF ......................................................... 42 

4.9. AN ETHICAL LEAP ......................................................... 44 

4.10. CONCLUSION ............................................................. 45 

4.11. INTERMEZZO ............................................................. 46 

5. WHAT IS THE PURPOSE OF THE HUMAN? ................................... 46 

5.1. MAKING SENSE OF WHO WE ARE ................................................. 47 

5.2. ECCE HOMO! ............................................................. 48 

5.3. THE ESSENTIALISTIC HUMAN .................................................. 54 

5.4. DENYING AND VALUING THE ESSENTIALISTIC HUMAN .................................. 56 

5.5. MAKING THE HUMAN ........................................................ 59 

5.5.1. A sedimented making Human ......................................... 59 

5.5.2. Techno-scientifically making the Human ............................ 63 

5.5.3. Making the Human together ......................................... 69 

5.6. SUMMARY OF THE HUMAN ..................................................... 72 

6. CORE PAPER #1: BOOSTING HUMAN CAPACITIES ............................ 73 

6.1. MOTIVATION ............................................................. 73 

6.2. THEORY AND METHOD ........................................................ 73 

6.3. RESULTS ................................................................ 75 

6.4. DISCUSSION AND ONE STEP FURTHER ............................................. 76 

6.4.1. Ambiguous concepts ................................................ 77 

6.4.2. Endangered purity of ourselves .................................... 78 

6.4.3. Practical effects on ourselves .................................... 81 

6.5. CRITICAL APPRAISAL ....................................................... 82 

6.6. CONCLUSION ............................................................. 83 

7. CORE PAPER #2: ENHANCEMENT WOK OR BOO ............................... 83 

7.1. MOTIVATION ............................................................. 83 

7.2. THEORY AND METHOD ........................................................ 84 

7.3. RESULTS ................................................................ 84 

7.4. DISCUSSION AND ONE STEP FURTHER ............................................. 84 

7.4.1. A neoliberal case report .......................................... 85 

7.5. CRITICAL APPRAISAL ....................................................... 92 

7.6. CONCLUSION ............................................................. 93 

8. THE NORMATIVE HUMAN ................................................. 93 

9. CORE PAPER #3: A PERFECT CHILD ...................................... 95 

9.1. MOTIVATION ............................................................. 95 

9.2. THEORY AND METHOD ........................................................ 96 

9.3. RESULTS ................................................................ 98 

9.4. DISCUSSION AND ONE STEP FURTHER ............................................. 99 



HUMAN ENHANCEMENT FROM DAWN TILL DUSK    3 

 

9.4.1. Essentially less human females .................................... 99 

9.4.2. Gender as necessity .............................................. 103 

9.4.3. Parental expectations ............................................ 104 

9.4.4. A straw man? ..................................................... 105 

9.5. CRITICAL APPRAISAL ...................................................... 106 

9.6. CONCLUSION ............................................................ 107 

10. A RETURN TO THE GARDEN ............................................. 107 

10.1. ADVERSARIES ............................................................ 109 

10.2. ADVOCATES ............................................................. 113 

10.3. SAME, SAME, BUT DIFFERENT ................................................ 116 

11. THE POSSIBILITY OF THE LOST HUMAN .................................. 119 

11.1. WHAT COMES AFTER THE HUMAN? .............................................. 122 

11.2. DEHUMANIZING TILL THE POST-HUMAN .......................................... 127 

11.2.1. Empirical results on dehumanizing enhancement .................... 128 

11.2.2. Self-post-Humanization ........................................... 131 

11.2.3. A different value ................................................ 135 

11.3. CAVE SPECULATION! ....................................................... 136 

11.4. A HISTORICAL LOSS ....................................................... 138 

12. CONCLUSION ......................................................... 150 

13. REFERENCES ......................................................... 152 

14. EIGENANTEIL ........................................................ 174 

15. COPYRIGHT .......................................................... 174 

16. PUBLICATION LIST ................................................... 175 

17. APPENDIX ........................................................... 177 

APPENDIX 1. DÖBLER AND CARBON (2023) ........................................ 178 

APPENDIX 1.1. DÖBLER AND CARBON (2023) SUPPLEMENTARY  ............................. 206 

APPENDIX 2. DÖBLER ET AL. (2024)  ........................................... 235 

APPENDIX 3. DÖBLER AND CARBON (2025) ........................................ 249 

APPENDIX 3.1. DÖBLER AND CARBON (2025) SUPPLEMENTARY .............................. 272 

 

  



HUMAN ENHANCEMENT FROM DAWN TILL DUSK    4 

 

Abstract  

Being human is stressful and entails confronting various demands. One of the most evident and characterizing 

strategies for coping with them on an individual and collective level might be environmental manipulations at 

different scales. However, humans can also use the resources of the material environment to create technologies to 

adapt themselves instead of the environment and aim at improving their abilities directly. This constitutes what I 

understand as Human Enhancement. It encompasses a variety of contexts and means and can have a profound 

impact on our being and self-understanding. The latter effects provoke a passionate debate among its adversaries 

and advocates. But is Human Enhancement really such a disruptive force? Can it – as feared or hoped – really 

disrupt one of the most self-evident psychological truths we know: identifying as humans? And will the subsequent 

result really be humanity’s evolutionary descendant: the post-Human? Drawing from interdisciplinary insights, I 

present a psychological theory about the functionality of Human Enhancement and its employment in everyday 

life. I further elaborate upon the psychological manifestation and malleability of our human identity and argue 

that technology and science have and can indeed alter it. Key to these theoretical propositions is to acknowledge 

our human identity as a sense-making, intersubjective psychological structure. Motivated not to confine my 

discussion about the impact of Human Enhancement to the abstract, core paper #1 (Döbler & Carbon, 2023) 

empirically explores the controversies concerning the extent of this practice on the matter of vaccination against 

SARS-CoV-2. Results revealed people’s unwillingness to adapt themselves using means they consider unnatural or 

invasive. These effects were stronger for those who rejected the biotechnological enhancement of their immune 

capacities, aka the vaccine. Yet, apart from adapting to a physically hazardous environment, Human Enhancement 

can be used in relation to a given socio-normative context. For further elaboration, I present core paper #2 (Döbler 

et al., 2024). Here, I highlight how educational or workplace settings may privilege specific enhancements either 

by direct command or by fostering a demanding environment that urges adaptation in secrecy. Provided historical 

examples show how social normativity influences how we purposefully and technologically shape our bodies. 

Elaborating on the premise of adapting to social normativity, core paper #3 (Döbler & Carbon, 2025) presents 

empirical results indicating that people may use hypothetical genetic engineering for the enforcement of normative 

gender stereotypes. This would adapt their child to an environment that regularly punishes gender divergence. 

However, results also indicate that parents may use this power to push for more gender egalitarianism. All results 

are discussed in the light of how our socio-technological practices and organization influence our understanding of 

ourselves as humans. Here, the need to adapt ourselves may be so fundamental that adversaries and advocates 

must find a satisfying way to negotiate the historical and contemporary role of Human Enhancement within their 

notion of being human. While our human identity has proved to be highly adaptable so that the effects of past 

enhancements were successfully incorporated into our self-understanding, future Human Enhancement may 

nonetheless yield the impossibility of integrating its effects. If so, discarding our contingent identity appears as a 

necessity. Targeting the controversial center of the Human Enhancement debate and the desirability of the post-

Human, I discuss psychological mechanisms potentially yielding a disruption in the continuous self-conception of 

our species. Special emphasis is placed on the empirical psychological phenomena of dehumanization and the 

adoption of social judgments and material practices into our self-perception. Seen from a collective level, I highlight 

how we use historical narratives to negotiate changes in this conception and how the reliance on these psychological 

processes opens the possibility of historizing a radical change in our identity. Interventions like vaccination, 

productivity enhancements, and genetic engineering may appear controversial, yet not potentially identity-

breaking. However, humans do not live isolated from technology. The large-scale adaptation of the environment to 

meet our needs directly confronts us with the benefits and risks of our contemporary technological lifestyle. The 

same power applies to Human Enhancement. In that sense, the psychological approach presented here elucidates 

whether the technological adaptation of ourselves can give rise to the dusk of humanity. Given that our human 

identity is by no means fixed, the post-Human may be possible, yet not inevitable. 
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1. Introduction 

We begin in paradise. God created the naked but “not ashamed” (King James Bible, 1769/2024, Gen 2:25),1 

humans “in his own image” (Gen 1:27). But his creations were aspirational. Capitalizing on this, the duplicitous 

serpent promised that after eating from the forbidden Tree of Knowledge, humans would emerge “as gods, knowing 

good and evil” (Gen 3:5). Moral enlightenment came at a price. Furious about breaking his laws, God evicted our 

ancestors from paradise.  

The book of Genesis is no historical document. Still, its themes reflect mythological tropes like human 

limitations and the futile grasping for divinity. But there is more than the matter of hubris. Note that after their 

moral awakening but before the eviction, humans realized their nakedness, became ashamed, and quickly “sewed 

fig leaves together, and made themselves aprons” (Gen 3:7). And even before banning Adam and Eve from paradise, 

God carried on with these productive efforts and made “coats of skins, and clothed them” (Gen 3:21). By 

transforming the environment’s raw material into something whose ‘functionality’ operates with ‘intendedness’ 

and ‘purposefulness,’ the clothes made fulfill the three definitory criteria of technology proposed by Carroll (2017). 

The same categorization may apply to the Tree of Knowledge, from which God knew how its fruits would affect 

humans. In the light of the profound technological world we currently inhabit (Ihde, 1990), the first clothes in 

Genesis can be read as describing the dawn of what has been called “creative material engagement:” “a long-term 

commitment to the discovery of new varieties of material forms, so far as it is possible in a given historical 

situation, through a saturated, situated engagement of thinking and feeling with things and form-generating 

materials” (Malafouris, 2014, pp. 144/147, original italics). If our engagement with the material environment 

privileges a “synergistic process by which, out of brains, bodies, and things, mind emerges” (Malafouris, 2013, p. 

17), then the initial and subsequent technologies of the Fall of Man could be metaphorically considered as the first 

step toward the contemporary human condition.  

This interpretation is not novel. Drawing upon the same association with the Biblical paradise and its unclothed 

human inhabitants, Don Ihde (1990) argues that human agency is fundamentally constituted and exercised through 

and by technology. This is so consequential that returning to a mythological “New Eden … [as] pretechnological 

New Adam” (Ihde, 1990, p. 42) is “likely neither desirable nor possible. … We have left the Garden [(Eden)] and 

inherited the Earth” (Ihde, 1990, p. 20). Our self-definition and way of life are too dependent on our technology; 

 
1 All Bible references refer to this version of the King James Bible. For readability, following quotes only contain the book, 

chapter, and verse. 
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without it, our past and future evolutionary trajectory and self-definition are unthinkable (Ihde, 1990; Ihde & 

Malafouris, 2019). Yet, contrary to the Bible, complex cognitive abilities and environmental manipulations did not 

follow a strict sequential order. Instead, manufactured products and cognitive abilities are mutually dependent 

(Jeffares, 2010; Malafouris, 2013, 2014; Stout & Hecht, 2017). This facilitated the creation and living in ecological 

niches specifically attuned to our behavioral and cognitive capabilities (Drain, 2022; Iriki & Taoka, 2012) and 

culminates in the assertion that: “we are Homo faber not just because we make things but also because we are made 

by them. People are both changing and changed by technology” (Ihde & Malafouris, 2019, p. 209, original italics). 

In other words, our activity within our inheritance defines who we are as humans.  

Technology’s sustainable effect on ourselves also resonates in Genesis. After all, our Biblical foragers left the 

Garden with novel capacities. Because the material environment was exploited to change the human body’s 

condition (unknowing/naked) to a more “adaptive” one (knowing/clothed), the biblical dawn of humanity2 as 

inhabitants of the Earth started with two instances of employing “embodied technologies to improve the capabilities 

of the human body or to create new ones. An endeavor primarily conducted to adapt oneself instead of the 

environment” (Döbler & Carbon, 2024, p. 598, original italics).3 In other words, the third chapter of Genesis 

describes what I and others (e.g., Kourany, 2014) call Human Enhancement.  

The ability of “knowing good and evil” (Gen 3:5) could be read as successful enhancement in terms of the (bio-

)technologically induced adoption of moral principles (see Persson & Savulescu, 2012). Since the ability to employ 

and enact knowledge is genuinely cognitive (Neisser, 1976) and cognition enables humans to engage with their 

environment adaptively (Thompson & Stapleton, 2009), the subsequent exercise of crafting skills suggests that 

humans left the garden not only morally but also cognitively enhanced (see also Kourany, 2014). These capacities 

arose from our engagement with the material environment. Folk-wise, moral capacities and logical reasoning are 

considered human trademarks (N. Haslam, 2006). So, the qualities that distinguish us from animals were obtained 

by eating from the Tree of Knowledge and the subsequent Fall of man (see also Žižek, 2014).  

But at what cost? Eating from the Tree of Knowledge, or at least crafting clothes, disrupted the heavenly 

utopia gifted to humans by destroying the phenomenologically “nakedly perceived world” (Ihde, 1990, p. 46). One 

eviction later, contemporary human technology extends beyond the simple manipulation of “naturally” found 

 
2 See also the non-biblical but still mythical “Dawn of Man” in Arthur C. Clarke’s and Stanley Kubrick’s “2001: A Space 

Odyssey” (Kubrick, 1968), which follows a similar logic (Döbler & Carbon, 2024). 
3 “Adapting ourselves instead of the environment” is a direct quote from Döbler and Carbon (2024, p. 602). During this thesis, 

the reader will encounter it and the slight reformulation of ‘adapt ourselves instead of the environment’ several times. For 

readability, I quoted it only once.  
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resources but allows for the alteration of molecular processes (e.g., Doudna & Charpentier, 2014). This is not met 

with unanimous joy. Although Ihde criticizes the romantic desire for the mythological but irretrievably lost Garden, 

the underlying longing for a ‘return to nature’ is still an influential trope for contemplating human-technology 

relations (Midson, 2018). Indeed, some see humanity walking a path toward a being in which the increasingly 

transformative potential of biotechnology is feared to render “all of our encounters with the world, both natural 

and interpersonal, … mediated, filtered, and altered” (Kass, 2003, p. 22). This mirrors specific understandings of 

“naturalness,” where this property is seen as corrupted by human action and/or technology (Siipi, 2008). This 

accusation is also leveled against Human Enhancement, where the employed radical or novel technologies are 

suspected of meddling with the inherent value of human activities (President’s Council on Bioethics, 2003). Using 

Human Enhancement to profoundly shift human capabilities beyond what is considered “normal” is highly 

controversial. Related accusations, e.g., contempt for “the given” (Kass, 2003, p. 20), desiring ‘hubristic hyper-

agency’ (President’s Council on Bioethics, 2003), or “playing God” (Schönthaler et al., 2022, p. 363) are — in slight 

variations — also raised against transhumanism (see Hansell & Grassie, 2011; Hauskeller, 2013, 2016; Sharon, 

2014; Wilson & Haslam, 2009). This ideology actively promotes the use of science and technology, including Human 

Enhancement (Bostrom, 2003c) for “the continuation and acceleration of the evolution of intelligent life beyond its 

currently human form and human limitations … guided by life-promoting principles and values” (More, 2011, p. 

137). Transhumanism affirms that humans should not accept their evolutionary limitations but can and should 

use emerging technological means to challenge them (Sharon, 2014). This disrespect towards the contemporary 

conditio humana culminates in the highly controversial goal to create “the radically enhanced, virtually omnipotent 

human of the future,” aka the posthuman (Hauskeller, 2016, p. 24).4 Steering humanity toward a primordial but 

lost utopia by exploiting technology to overcome our limitations is the prepossessing promise of transhumanism 

(Hauskeller, 2013). Hence, scholars (e.g., Hauskeller, 2013; Ihde, 2011a; Žižek, 2014, 2021) consider aspects of the 

transhuman project as an attempt to revert the negative consequences of the Fall and return to the Garden.5 

The debates around transhumanism and Human Enhancement are textured by ancient desires and dogmatic 

and diverting accounts of an alleged human nature (Hauskeller, 2013, 2016). Moreover, varying definitions of 

 
4 For me the posthuman is characterized by being not human anymore. Hauskeller (2016) mentions that some transhumanists 

share this understanding and points out that they, in general have, transcending goals regarding the current human state. 
5 The analogy with Eden and the creation of humans in the image of god is discussed many times in the Human Enhancement 

and transhumanism debate (e.g., Coeckelbergh, 2013; Greely, 2006; Midson, 2018; President’s Council on Bioethics, 2003). 

Hauskeller (2013) argues that the serpent could be considered as propagating transhuman ideals and, therefore, implies that 

the fruit is an enhancement. See also Greely (2006) and his claim that nobody would prefer a non-enhanced prehistoric lifestyle. 
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enhancement hinder the identification of technologies of interest (Gyngell & Selgelid, 2016). Still, in the epicenter, 

we find a human being who is constantly confronted with all sorts of demands (Döbler & Carbon, 2024). In the 

Garden, this entailed social pressure to eat from a tree or social shame. Post-Eden, humans inhabit an environment 

that harbors all sorts of risk (Coeckelbergh, 2013) — A perspective inclining us to view technology and science as 

instruments that redeem us from our existential inadequacies and assist us in overcoming the challenges of everyday 

life (Coeckelbergh, 2013; Coenen, 2014; Hauskeller, 2016).  

But is any enhancement effort to be judged similarly? Anyone interested in an answer must navigate complex 

issues, ranging from mere tangible concerns about technological and medical safety (e.g., Banjo et al., 2010) up to 

the question if Human Enhancement may lead to losing whatever makes us human (e.g., Agar, 2010) or can usher 

the next step in our evolution (e.g., Bostrom, 2013b). This emphasizes what is seen at stake. On the one hand, we 

have concerns that refer to ourselves as individuals. On the other hand, we find hopes and fears about the future 

of humanity, i.e., ourselves as humans, as, for example, defined by a set of selected features and valued continuous 

history (Pugh et al., 2016; Wilson, 2014).6 Both aspects are inseparable. If enough individuals get enhanced, 

humanity as a whole may benefit, suffer, or even be conceptually displaced by a posthuman alternative (Agar, 

2014; Bostrom, 2013b; Buchanan, 2011; More, 2011).  

From a psychological perspective, we can reduce these most controversial aspects of the debate about Human 

Enhancement, transhumanism, and the potential posthuman to one question: Is it possible that human behavior 

itself has the disruptive potential to dissolve one of our most self-evident experiences: being human? The following 

doctoral dissertation will elaborate on this question. I do so by theoretically and empirically inquiring different 

forms of Human Enhancement from a functional and practical perspective and drawing on evidence on how we 

operate and understand our humanness. Answering this question may be an ambitious goal for a psychological 

research program and must remain partially hypothetical. After all, I cannot provide empirical evidence of humans 

that have turned posthuman. Nonetheless, I attempt to grasp the phenomenon by empirically investigating 

attitudes and practices revolving around Human Enhancement that is already in use or realistically employed in 

the near future. Generated insights will then be used to theoretically address whether some ramifications of this 

behavior can indeed posthumanize ourselves. Suppose we would simply gather attitudes about using 

pharmacological means to enhance cognitive performance. Such research can generate meaningful insights and 

 
6 Sample et al. (2020) found two components of Brain-Computer-Interface-related concerns. The “Agent-related” included 

concerns about individual authenticity but also “redefining humanity” and cyborgization, while “Consequence-related Issues” 

comprised primarily social, ethical, safety, and security concerns (p. 1252-1254). 
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reveal contextual variables influencing ethical evaluation (e.g., Dinh et al., 2020), but also confines itself to a local 

perspective and ignores the far-reaching aspects that may structure attitudes toward this phenomenon. Given the 

passionate debate about the loss or extension of valuable human-specific assets, aka our human nature, not 

addressing the potential identity-constituting or -disrupting impact of technology means neglecting what rendered 

the phenomenon highly controversial in the first place. I am not suggesting that I can quantify the probability of 

the posthuman. Yet, psychologically scrutinizing these more abstract factors can help to understand why some 

forms of Human Enhancement spark so much controversy (Wilson & Haslam, 2009) and how reservations or 

embracement intersect with the adopted notion of humanness (Wilson & Haslam, 2012). The presented 

psychological approach to Human Enhancement does not answer whether whatever makes us human should be 

changed — but it can approximate if and how this was, is, and will be possible. Despite all uncertainties, I can 

provide a psychologically informed view on whether the behavior that has yielded the lost paradise, forced us to 

take care of ourselves, and led to a widespread adaptation of the environment and ourselves can be pushed so far 

that it will render our human being irretrievably lost.  

2. Outline 

I will proceed as follows. Section 3 will provide a comprehensive overview of the ideological frontlines in the Human 

Enhancement debate. This means situating the following discussions within a framework of ethical relevance and 

emphasizing the importance of conducting a careful psychological analysis of the matter. Given the far-reaching 

questions of Human Enhancement, I will argue that any such approach is well advised to incorporate philosophical 

perspectives to confront the more abstract aspects of the phenomenon. I then conclude by sketching out the 

fundamental parameters of the here-adopted perspective on human behavior and cognition. In Section 4, I will 

elaborate upon my definition of Human Enhancement. I then highlight several areas of interest and emphasize 

how this practice is contemporarily done. This will serve as the theoretical backbone for this thesis and subsequent 

publications. Conducted through the lens of the Human Enhancement debate, Section 5 features a comprehensive 

discussion about the production of human self-understanding and the functional purpose of having a concept like 

‘being human.’ This is meant to deepen our understanding of the conditions that adversaries of Human 

Enhancement want to preserve and advocates want to surpass. Elaborating upon the social and technological 

influences within this process is the first step in discussing whether losing whatever makes us human is possible. 

Speaking of controversial Human Enhancement, Section 6 summarizes a publication examining the association 
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between rejection of a specific enhancement (vaccination) and a more reluctant attitude toward other instances. 

This empirically exemplifies how biotechnology can be used to adapt ourselves to a physiologically threatening 

environment and why people may be critical of such conduct. Section 7 then reports on the second publication, in 

which I discussed how specific factors may influence the adoption of Human Enhancement in organizational 

settings. The intersection with social variables serves as a starting point to argue how a given ideology can create 

the demands that foster the impression that enhancing ourselves is necessary and further emphasizes the 

pervasiveness of Human Enhancement. I proceed in Section 8 by elaborating on how normative expectations not 

only shape how we enhance but also how we ought to be as human beings. This paves the way for the third 

publication discussed in Section 9. Here, I present results suggesting that normative gender stereotypes may 

influence how human genetic engineering is conducted. A clear example of adapting ourselves to a socially 

pressuring environment, the matter of stereotypes and genetic engineering directly touches upon essentialistic 

beliefs that are also present in the Human Enhancement debate. Thus, I will seize the opportunity to elaborate 

further on the intricacies of gender essentialism and Human genetic Enhancement. Section 10 will argue that 

adversaries and advocates of Human Enhancement and transhumanism may be fundamentally opposed to openly 

endorsing increasingly potent Human Enhancement. Nonetheless, their motivations may converge in a desire to 

achieve harmony with human-made technology. This exemplifies how both positions draw on a specific 

understanding of adaptation to propagate their regulatory approach to adapting ourselves. Generated insights will 

be used in Section 11 to elaborate on how widespread transformative enhancements may endanger contemporary 

notions of what makes us human. Here, I will discuss possible psychological mechanisms that may govern such a 

process and offer a perspective on its potential historicization. I will draw my conclusion in Section 12. 

3. The phenomenon  

3.1. Conceptualizations of Human Enhancement  

What is Human Enhancement? Gyngell and Selgelid (2016) enumerate seven different conceptualizations of 

“enhancement” (Table 1). They apply each approach to the fictional example of administering growth hormones to 

two eleven-year-old boys, each expected to grow to 1.60 m as an adult. However, while Johnny has a brain tumor-

related lack of growth hormones, Billy’s parents are simply very short. Each definition is tied to a specific set of 

concerns and hopes (Gyngell & Selgelid, 2016), with the ethically most suspicious being those that promise 

significant effects (e.g., Agar, 2014) and/or use biotechnological means (e.g., President’s Council on Bioethics, 
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2003). As seen in Table 1, the conceptualizations differ, for example, concerning the factual outcome relative to 

the norm or the question of whether the initial condition is considered a disease. 

From a broader perspective, Human Enhancement denotes an attempt to change the human body through external 

means for good (Döbler & Carbon, 2024). As such, the enhancement effects also concern the embodied mind (Clark, 

2003), i.e., influence the continuous and intricate relationship between our physical configuration, state, and mental 

processes (see Kiverstein, 2012). What unifies different approaches is that Human Enhancement forges a direct 

technological path from the current human condition toward the possibility of realizing a more desired one and its 

subsequent targeting of ourselves (Döbler & Carbon, 2024).  

3.2. Adversaries and advocates of Human Enhancement  

But what is the matter with Human Enhancement? Do we not constantly attempt to improve ourselves? With 

effects that are by no means comparable to getting evicted from paradise? Concurrent with the previous section, 

empirical results show that the problem seems to lie in the purpose of the intervention, i.e., whether it is said to 

treat a preexisting medical condition or is meant to boost capacities beyond the “normal” state of health (e.g., 

Martín et al., 2023; Scheufele et al., 2017). One famous and comprehensive critique of interventions meant to 

create beneficial effects “beyond therapy” was provided by the eponymous report of George W. Bush’s President’s 

Council on Bioethics (2003). According to the council, the scientific breakthroughs at the dawn of the new 

millennium, e.g., progress in sequencing the human genome (International Human Genome Sequencing Consortium 

et al., 2001), opened the door for humanity to enter “a golden age for biology, medicine, and biotechnology” 

(President’s Council on Bioethics, 2003, p. 4). This period would be defined by the “myriad ways, the discoveries 

of biologists and the inventions of biotechnologists are steadily increasing our power ever more precisely to intervene 

Table 1. Different conceptualizations of enhancement — unmodified in content and taken from Gyngell and Selgelid (2016) 

Approach: Enhancements are… 

Is giving Johnny or Billy growth 

hormone an enhancement? 

Constructivist Approach beneficial alterations to functioning that do not treat 

disease, with diseases understood as states disvalued by 

society 

Johnny but not Billy 

Normal Functioning Approach beneficial alterations to functioning that do not treat 

disease, with diseases understood as negative deviations 

from normal functioning 

Johnny but not Billy 

Beyond-Species-Typical Approach alterations that take people beyond species-typical values 

for particular traits 

neither are enhancements 

Beyond-Species-Maximum 

Approach 

alterations that take people beyond species-maximal values 

for particular traits 

neither are enhancements 

Welfarist Conception alterations that improve well-being both are enhancements 

Modified Welfarist Approach alterations that give people abnormal biological functioning 

and improve well-being 

neither are enhancements 

Functional Approach alterations that increase some type of functioning both are enhancements 

Note. Reproduced with permission of The Licensor through PLSclear 
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into the workings of our bodies and minds and to alter them by rational design” (President’s Council on Bioethics, 

2003, p. 5). While the Council discusses issues concerning coercive forces, enhancement access, and unintended 

harmful effects, it also explicitly names worries concerning human dignity and hubris. The report eventually states 

that interests in a “‘post-human’ future,” “‘remaking Eden,” or “‘man playing God’” are not universally shared 

(President’s Council on Bioethics, 2003, p. 7). However, its warnings seemed unheard. In 2010, Allhoff et al. argued 

that the prevailing wish to extend our capacities and the increasing capacity to “incorporate technology within 

our very bodies” set us off “near the start of the Human Enhancement Revolution” (p. 1). Four years later, ethicist 

Nicholas Agar already proclaimed the “age of human enhancement” (2014, p. 1).  

In this age, the President´s Council on Bioethics fears that non-therapeutic biotechnological interventions 

endanger our human identity and “risk making our bodies and minds little different from our tools, in the process 

also compromising the distinctly human character of our agency and activity” (President’s Council on Bioethics, 

2003, p. 298). Focusing on means promising to extend human capabilities significantly, Agar claims that the so-

called “radical enhancement is a way of exiting the human species that threatens many (but not all) of our valuable 

experiences” (2010, p. 15, italics added). Agar and the council see what makes us human at stake!  

Around the same time as the council’s report, philosophers like Nick Bostrom (2003c) called for humanity to 

take its evolution into its own hands. In the early 2000s, Bostrom was one of the loudest proponents of 

transhumanism. This ideology urges humanity to realize its full potential, overcome its evident biological 

limitations (e.g., Various, 2013), and create a glorious technological and potentially biology-transcending future 

(Hauskeller, 2016). The means to achieve this are manifold, but particular emphasis is put on enhancement 

technologies (Bostrom, 2003c, 2005c; Hauskeller, 2016; Sorgner, 2020). Today, transhumanism’s most prominent 

voice, the organization Humanity+, endorses “the ethical use of technology and evidence-based science to expand 

human capabilities. We want people to be better than well” (Humanity+, n.d.). Many people may unite behind 

transhuman goals like “Getting smarter,” “Diversity,” “Peace,” and personal freedom regarding Human 

Enhancement (Bostrom, 2003c, p. 13). Yet, public opinion may be more split on supporting the central goal of 

“having the opportunity to explore the transhuman and posthuman realms” (Bostrom, 2003c, p. 13).7 Here, the 

necessary conditions rely on utilizing emerging technologies to purposefully push human evolution in the desired 

 
7A transhuman can be understood as an entity whose technologically enhanced capabilities surpass those of contemporary 

humans but still identifies as human in some sense, while the used conception of the posthuman concerns a being that is 

specifically not human yet had a (trans-)human past (Sorgner, 2020). This way, the transhuman is a waypoint toward 

posthumanity (Sharon, 2014). 
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direction (Sorgner, 2020). Besides this shimmering rhetoric by scholars like Bostrom (Hauskeller, 2016), moderate 

transhumanists simply argue for the reasonable progression of science and technology to promote human well-

being and the solution to global crises (Sorgner, 2020). In summary, transhumanist thinking lures everybody 

interested in more or less radically challenging the current state of humanity through technology, up to the point 

where the concept itself may be overdue (Simon, 2019).  

Conversely, those more cautious and concerned with preserving this status or an otherwise valued human nature 

(e.g., Fukuyama, 2004; Kass, 2003; President’s Council on Bioethics, 2003; Sandel, 2009) are usually called 

bioconservative (T. K. Browne & Clarke, 2020; Sharon, 2014). The most famous clash between these ideologies 

may be the article by Francis Fukuyama (2004), whose headline suggests that transhumanism belongs to the 

“World’s Most Dangerous Ideas” (p. 42). Here, Fukuyama accuses transhumanism of endangering liberalism’s great 

achievement: the proposition that all humans share the same intrinsically valuable, equality-constituting and 

untouchable essence. While transhumanists champion and emphasize the naturalness of using novel technological 

enhancements for transcending human limitations (Hauskeller, 2016), bioconservatism sees the same means as 

endangering “the values and virtues that humans have developed as a result of the necessity to deal with the 

imperfection inherent to this [human] nature” (Sharon, 2014, p. 3).  

Over the last decades, this enmity fueled a comprehensive debate about ethical, practical, and philosophical 

implications (e.g., Allenby & Sarewitz, 2011; T. K. Browne & Clarke, 2020; Hansell & Grassie, 2011; Hauskeller, 

2013, 2016; Kleine-Gunk & Sorgner, 2023; Pugh et al., 2016; Sharon, 2014). For simplification, I locate 

bioconservatism at the reluctant and transhumanism at the affirming end of the spectrum of attitudes concerning 

Human Enhancement (see Sharon, 2014).8 I call the positions mirroring the transhumanist, enhancement-

embracing tradition advocates and those closer to enhancement-skeptical bioconservatism adversaries.9 Both poles 

affirm that it is possible to intervene with the configuration of the human body and mind through Human 

Enhancement but disagree on this conduct’s general desirability and outcomes (Sharon, 2014). However, as Sharon 

(2014) pointed out, both approaches are fairly human-centered in their conception of the world (cf. Hauskeller, 

2016). Hence, I will focus on providing a comprehensive account of the suspiciously transformative practice that 

 
8 This is a heuristic reduction. For a more comprehensive taxonomy that positions bioconservatism and transhumanism, and 

the here cited and additional authors along other dimensions, see Sharon (2014). As Sharon mentions, Agar’s position changed 

from rather enhancement affirming to being more rejecting. 
9 “Advocates” (Hauskeller, 2013; Kourany, 2014; Wilson, 2014; Wilson & Haslam, 2009, 2012) and “adversaries” are also used 

elsewhere (Dijkstra & Schuijff, 2016) 
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supposedly causes all sorts of desired or feared consequences: Human Enhancement and its implications for an 

alleged human nature.  

Advocates and adversaries do not necessarily agree about what human nature means (Coeckelbergh, 2013; 

Hauskeller, 2013; Sharon, 2014; Wilson & Haslam, 2009). These and other fundamental divergences contribute to 

the passion and intricacy of the Human Enhancement debate and its manifold discourses (Sharon, 2014). This 

goes so far that Lewens (2012) denied that human nature can serve any informative purpose in the debate. 

Empirical research on Human Enhancement generally focuses on general moral or intention to use ratings of pre-

defined types of Human Enhancement in pre-defined contexts (e.g., Fitz et al., 2014; Grinschgl et al., 2022, 2023; 

Hotze et al., 2011; Martín et al., 2023; Mihailov et al., 2021; Sattler et al., 2022; Scheufele et al., 2017; Schönthaler 

et al., 2022). These studies often rely on non-open response categories and thus limit the extent to which abstract 

philosophical arguments can be raised. The fear of losing the grounding pillars of one’s identity (Riis et al., 2008) 

or whatever makes us human (Hotze et al., 2011; Sample et al., 2020, 2022) through specific enhancements is 

partially affirmed when participants are presented with predefined options that explicitly mention these concerns. 

Nonetheless, if compared side-by-side, reported concerns of laypersons and experts most commonly circle around 

tangible outcomes like safety, security, or efficacy issues and not the abstract question of diminished humanness or 

grasping for the divine (Sample et al., 2020, 2022; Schönthaler et al., 2022). In studies that employed open group 

discussions to evaluate the ethical assessment of Human Enhancement, concerns about losing what makes us 

human varied in their prevalence (e.g., Franke et al., 2012; Pew Research Center, 2016a; Sattler et al., 2022). Yet, 

the matter of overcoming or losing human nature is a non-ignorable trope (e.g., Agar, 2010; Buchanan, 2009; 

President’s Council on Bioethics, 2003) that subtly transpires to the public perception of Human Enhancement 

and thus requires a psychological evaluation (Wilson & Haslam, 2009, 2012). 

In summary, psychological research affirms the partial controversiality of Human Enhancement as a practice. 

Even without referring to the respective intellectual history, public understandings of human nature may 

approximate a transhuman or bioconservative position (see Wilson & Haslam, 2009, 2012). Using a broad 

psychological perspective to examine the ways technological interventions influence the notion of ourselves may 

allow for a glimpse of whether the transhuman project’s core is even remotely possible and if bioconservative 

precaution is advised (see Wilson, 2014; Wilson & Haslam, 2012). If transforming ourselves into the posthuman 

turns out to be impossible, then the more abstract hopes and fears are misplaced.  
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3.3. A psychological approach 

Further reasons why a comprehensive psychological account of Human Enhancement is needed are: 

1. The debate operates with a highly generalized notion of the human condition, for instance, to address the notoriously 

hard-to-grasp (Hofmann, 2017) distinction between morally affirmed treatment and condemned enhancement (e.g., 

Martín et al., 2023). Here, some approaches rely on a potentially controversial notion of a “normal/healthy” human 

as a reference point (Gyngell & Selgelid, 2016; Juengst, 1998 - See Table 1). If one rejects an intervention because it 

defies this level, one must also argue for the goodness and quality of the “natural” state of comparison (Greely, 2006). 

Concerned with the fundamental processes of the human mind and their relation to behavior, psychology is predestined 

to evaluate the success or failure of interventions while also critically assessing the employed “normality” regarding its 

posed quality and emergence.  

2. The goal of improving a capacity is always relational to imposed demands that urge an adaptation (Döbler & Carbon, 

2024; Pustovrh et al., 2018). Here, a comprehensive account of Human Enhancement must consider how humans 

navigate their environment on an everyday basis. The so-expressed agency can be defined as the “functional capacities 

devoted to governing the interaction … with the external environment (which of course includes other living beings)” 

(Virenque & Mossio, 2024, p. 14). While special emphasis on the substantial link between human agency and 

technology is justified (Ihde, 1990; Malafouris, 2013), we should also reflect upon social and psychological processes 

that motivate us to engage with Human Enhancement and manifest our agency in a particular way (Döbler & Carbon, 

2024; Racine et al., 2021).  

3. Physical transformations in a Human Enhancement context, e.g., efforts to slow down natural aging, are often 

discussed regarding their positive and negative long-term effects on psychological variables such as well-being, 

happiness, identity, or human relationships (e.g., Agar, 2010; Bostrom, 2013b; Hauskeller, 2013; Savulescu et al., 

2011). This emphasizes the need to investigate the relationship between prima facie benevolent endeavors and 

psychological consequences.  

4. Psychology can evaluate if and how extreme and abstract philosophical positions of bioconservatism and 

transhumanism influence individual attitudes regarding specific enhancements (e.g., Wilson & Haslam, 2009). Here, 

we should be attentive to how specific discursively established understandings and framings of the phenomenon can 

motivate public policy and collective action (Coveney et al., 2019; see also Jasanoff & Kim, 2009). 

5. If concerned about the potential loss of whatever makes us human, advocates and adversaries should evaluate how 

the relevant concepts are commonly understood (Wilson, 2014; Wilson & Haslam, 2009, 2012). Ascribed humanness 

is individually affirmed but intersubjectively constituted (Bastian & Crimston, 2014). The latter aspect becomes 

evident considering the empirical phenomenon of so-called “dehumanization,” i.e., evaluating others as possessing fewer 

characteristics indicative of being human (N. Haslam, 2006). Concerns about dehumanizing Human Enhancement are 
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common issues in the debate (e.g., Grewal et al., 2020; President’s Council on Bioethics, 2003; Wilson, 2014; Wilson 

& Haslam, 2009, 2012). Addressing the question of whether losing our humanness is possible, I extend previous 

accounts (e.g., Wilson, 2014; Wilson & Haslam, 2009, 2012) regarding how specific notions come into being and the 

psychological mechanisms that foster their adoption or dismissal.  

In summary, psychology can provide empirical insight into evaluating concrete enhancement examples and relate 

them to more abstract philosophical approaches. When the enhancement debate disproportionally focuses upon 

alarmistic or utopian scenarios and enhancements (Jones, 2006), psychology can ground things by pointing out 

where Human Enhancement may already be in use without yielding assumed disruptive effects. Moreover, 

psychological insights can be used to make informed statements about the psychological foundations of the identity 

that is said to be disrupted (Wilson, 2014). Since the interplay of individual variables and historical socio-material 

conditions influences the evaluation of the enhancement’s effectiveness (Menuz et al., 2013), a psychological 

approach may also be utilized for critical self-reflection. This way, we can examine the emergence and perception 

of the contemporary human condition, which advocates want to transgress and adversaries seek to conserve, at 

least partially.  

In short, employing a psychological approach contributes to a calmer and more reasonable debate that is aware 

of its obstacles, intricacies, and pitfalls. At the same time, if we adopt the understanding of Human Enhancement 

as a ramification of human behavior; as something we do (Döbler & Carbon, 2024), then psychology provides an 

established methodology to assess motivation and effects.  

3.4. The future is now! 

Human Enhancement is not an abstract endeavor. Silicon Valley in California is populated by various companies 

and individuals who, even if not explicitly posing themselves as transhumanists, are motivated to extend human 

capabilities to never-before-known realms (Bunn, 2022; Kleine-Gunk & Sorgner, 2023). Most notoriously, Elon 

Musk and his company Neuralink® (2023) promise reliable and secure invasive Brain-Computer-Interfaces to make 

direct brain-to-brain communication possible — a project directly referred to as enabling “telepathy” (Musk, 2024). 

Time will tell whether these statements are for marketing only. Nonetheless, they shape the discourse and relevant 

expectations toward this technology. 

Apart from this futuristic outlook, the most classic examples may be the attempt to increase cognitive 

capacities, often by exploiting pharmacological means (Döbler et al., 2024). Due to the prevalence and different 

possibilities, this practice poses important psychological questions (Racine et al., 2021). The prevalence of cognitive 
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enhancement fluctuates depending on the conceptualization of enhancement and is highly dependent on whether 

one includes caffeine or only focuses on illicit or prescription drugs (Sattler, 2016; Sattler et al., 2024; Schelle et 

al., 2015).10 Recent numbers from a representative German sample (N = 22,101) estimate a 3.7% twelve-month 

and 5.5% lifetime prevalence for using drugs without medical prescription to enhance their cognitive capabilities 

(Sattler et al., 2024). The same study revealed a 1.6%, twelve-month (4.1% lifetime) prevalence of using illegal 

substances (excluding cannabis) for the same purpose. Crucially, additional findings showed that 40.5% of 

participants reported a basic willingness to use substances in this vein. This practice should not be understood as 

trivial and can harbor ethical controversies. Asked about the administration of drugs to boost the cognitive 

capacities of their children without medical necessity,~4% of the responding U.S. parents affirmed to have done so 

(Sattler et al., 2021). Randomized response technique survey results by Franke et al. (2013) showed that nearly 

20% of questioned surgeons used cognitive enhancement at least once, with family or workplace-related 

performance pressure being significant predictors.  

In general, means for Human Enhancement can be used in various contexts (Döbler & Carbon, 2024) and for 

many purposes (Brand et al., 2016). Anthropological and archeological evidence supports the historicity and variety 

of Human Enhancement. 8,000 years ago, humans started to chew coca leaves, probably to enhance individual 

resistance against high altitudes (Dillehay et al., 2010)—the use of psychoactive substances in general dates back 

to 11,000 BCE (Samorini, 2019). Enhancement for prevention, as in the case of coca leaves, is not uncontroversial. 

This is notoriously shown in the claim of a Chinese scientist to have used genetic engineering to immunize human 

twins against the HI-Virus (Almeida & Diogo, 2019; Wang & Yang, 2019). Albeit being a preventive effort, 

interventions like this improve human capabilities and may qualify as Human Enhancement (Juengst et al., 2018). 

The same logic applies to the latest example of a globally orchestrated enhancement campaign: vaccination against 

SARS-CoV-2, the virus that caused the coronavirus pandemic that emerged in early 2020. Carried out with 

sophisticated biotechnology, many of the academic conceptualizations and authors affirm the status of vaccination 

as Human Enhancement (Döbler & Carbon, 2021). This may evoke recent memories of a controversial debate 

about the extent to which humans are willing to let biotechnology interfere with their capabilities. The significant 

number of German citizens who refrained from getting vaccinated against SARS-CoV-2 (Robert Koch-Institut, 

 
10 According to Schelle et al. (2015), 41.7% of the questioned Dutch students reported having used caffeine for cognitive 

enhancement purposes during their enrollment. However, only 1.3/1.7% reported having used illicit or prescription drugs 

without a prescription for the same goal. Sattler et al. (2024) report a 62.4% twelve-month prevalence for caffeinated drinks 

but only 2.5/3.7% for caffeine tablets and prescription drugs respectively. 
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2023) highlights the psychological relevance of attitudes toward Human Enhancement. The vaccination discourse 

foreshadows what may happen when even more controversial enhancements like genetic engineering are ever put 

into practice. The latter is already discussed regarding its potential to alter the biological foundation of our 

personality (Banazadeh et al., 2024). This forces us to contemplate whether we really have the duty to revolt 

against the psychological characteristics that impair our well-being as suggested by Savulescu (2005).  

Individual decisions and urges to enhance are accompanied by various hopes, dreams, and fears, more or less 

informed by abstract academic positions. Hence, a comprehensive psychological investigation into the past and 

present ways of conducting Human Enhancement can inform relevant decisions regarding future manifestations 

(Döbler & Carbon, 2021, 2023, 2024). In short, Human Enhancement has a past, present, and future. The question 

is now how we as humans have, do, and will relate to the technological interference with ourselves.  

3.5. There are too many of them! 

The diversity of these examples hints toward a problem: Laypersons’ and academics’ perceptions about which 

means count as Human Enhancement differ (Döbler & Carbon, 2021, 2023). In addition, some technologies 

intended to improve human capabilities are rarely discussed under this term (Döbler & Carbon, 2024). One 

possibility to address this problem is to focus solely on publications that explicitly use Human Enhancement or 

closely related terms like cognitive enhancement. However, this risks substantiating the disproportionate focus on 

means to enhance cognitive abilities in empirical research on Human Enhancement (Döbler et al., 2024). Should 

we not try to identify the underlying principles by which we can identify and classify different technologies as 

means for Human Enhancement? In that case, a complete assessment of the literature is impossible. To obtain a 

comprehensive picture, I attempt to balance the reception of the literature that discusses the more “classical” and 

sometimes controversial examples of Human Enhancement like cognitive enhancement and genetic engineering 

(Article 2 - Döbler et al., 2024; Article 3 - Döbler & Carbon, 2025) while also drawing on selected examples, 

usually not in the center of the debate such as vaccination (Article 1 - Döbler & Carbon, 2023). This is not meant 

to view all instances of Human Enhancement as equal but to evaluate the disruptive or beneficial potential of 

single enhancements while maintaining their functional connections (Döbler & Carbon, 2024). 

Human Enhancement may also be controversial due to the propagated aim of universally and comprehensively 

improving the “as humans” (Hauskeller, 2013, p. 8, original italics). Respective efforts must be understood relative 

to a shared understanding of the relevant terms (Beinsteiner, 2019). This requires closely examining the social and 

material factors determining whether people speak of an “improvement” (Döbler & Carbon, 2024; Hauskeller, 2013; 
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Menuz et al., 2013; Schmidl, 2022). Hence, improvement what for? When did I improve? and whether this is the 

promised all-encompassing enhancement should also be focused (Hauskeller, 2013). This dodges problems arising 

from relying on a sketchy notion of normality whose surpassing is the only criterion for enhancement (see Gyngell 

& Selgelid, 2016).  

We also must investigate how the particular technology is thought to intervene with the psychologically valued 

assets of ourselves. In addition, we should examine how single examples may influence the valuation of the general 

practice. Thus, it might be beneficial to analyze the general principles governing our interactions with the socio-

material environment and how they can be modulated through and expressed by technology. However, scrutinizing 

the underlying rules and commonalities, we should not ignore the practical impacts of specific technologies and 

enhancements (Döbler & Carbon, 2024; Verbeek, 2005). Psychology has recently been criticized for neglecting how 

material things impact mental processes (Malafouris, 2020). Dire to solve this issue and link the abstract to the 

practical, the here discussed psychological approach on the direct influence of technology on our body and mind 

requires assistance. 

3.6. A philosophical companion  

Arguing that whatever it means to be human may change through technological intervention is a reflexive problem. 

Hence, we should investigate how technologies, including means for Human Enhancement, influence the features 

and relationships that constitute our being. Here, our psychological and empirically informed perspective finds a 

well-suited companion in the philosophical discipline of postphenomenology.11  

Very basically, this school of thought investigates how technologies “mediate” and “transform” the ‘embodied 

experience’ of humans (Aagaard, 2016; Rosenberger & Verbeek, 2015; Verbeek, 2005). Doing so builds upon the 

thesis that the way humans live, relate, act, perceive, and experience cannot be separated from the ubiquitous and 

pervasive influence of the technologies that surround us and with which we interact daily (Ihde, 1990). Seminal 

work by Don Ihde (1990) and further extensions (e.g., Verbeek, 2008) expressed different types of human-

technology interactions (“relations” or “relationships”) by specific formulas (see Verbeek, 2005,  2011). 

 
11 See Schmidl (2022) for a sociological application of postphenomenology, including brief comments on transhumanism. I have 

argued for this companionship elsewhere (Döbler & Bartnik, 2022; Döbler & Carbon, 2024) but will revisit this reasoning here.  
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Within these relations, the mediating role of technologies stems from their ‘betweenness’ between human users 

and the perceived world (Ihde, 1990). Within each relation, humans may be more or less focused on the technology 

as a material object. Ihde (1990) describes this slipping out of awareness as “‘withdrawal’” (p. 32); a process where 

the devices may become nearly “perceptually transparent” in the sense that it is not consciously experienced, yet 

still exercises its mediating effect (p. 86). Any technologically induced experiential transformation can be 

understood as the simultaneous “reduction and amplification” of the world’s experienced features (Verbeek, 2005, 

p. 131). For example, using a telescope to observe the moon dislocates our satellite’s position concerning other 

celestial bodies but simultaneously puts its surface into direct focus (Ihde, 1990). In summary: “technologies 

transform experience, however subtly, and that is one root of their non-neutrality” (Ihde, 1990, p. 49, original 

italics). Later work explicitly extended these effects to human practices and the notion of how the mediating effect 

of technology also applies to the “invitation and inhibition” of behavior (Verbeek, 2011, p. 11). One example 

commonly discussed is how the availability of ultrasound examinations during pregnancy inclines gender revelation 

and allows for the adjustment of related expectations (T. K. Browne, 2017; Verbeek, 2011).  

Seeing Human Enhancement as direct alterations of the human body, as creating an “embodiment relation,” i.e., 

the close interaction of technology and body (Ihde, 1990, p. 32), or a “Cyborg relation,” i.e., the physical ‘merging’ 

of human and technology (Verbeek, 2008, p. 391) best exemplifies the mechanism of this practice (Döbler & 

Bartnik, 2022; Döbler & Carbon, 2024; Verbeek, 2011). As seen in Figure 1, the so-described immediate attunement 

of the technology’s capabilities with those of the human body renders these relations different from relationships 

where the technology reveals external information in the form of a “text” that must be “read” (“hermeneutic 

relation”) or constitutes a scenery (“background relation”) (Ihde, 1990, p. 105/108; Schmidl, 2022). Still, Ihde 

 In the embodiment relation, the
world is experienced  through the
external device. Within the
formalization, parentheses indicate
the embodiment of the technology
into the human, in a nearly
transparent way (-).

 (human  technology)  World

Embodiment relationship

 Within the cyborg relation,
technology and human  merge 
(/), and a new, physically altered
being emerges whose interaction
with the technology goes is more
profound than the embodiment
relationship.

 (human/technology)  World

Cyborg relationship

 Forming a hermeneutic
relationship, technology allows for
assessing conditions we have no
direct experience of. The world
 withdraws (-) but is still
readable through the  hermeneutic
text, we must make sense of

 human  (technology  world)

Hermeneutic relationship

 Here, the technology creates a
background scenery (-). Without
directly interacting with humans,
it still structures our engagement
with the environment

 human (- technology - world)

Background relationship

Figure 1. Formalization and examples of embodiment, hermeneutic, background relation (Ihde, 1990), and cyborg relation 

(Verbeek, 2008). Formulas taken from Verbeek (2008), depicted examples from Ihde (1990) and Verbeek (2011).  

From left to right, pictures are licensed under the following creative commons licenses:  CCBY 4.0 (Nesnad), CC BY 2.0 Generic 

(Bjorn Knetsch), CCO 1.0 (Ngostary2k), CC BY-SA 2.0 (Percita) 
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conceptualized hermeneutic and embodiment relationships to reside on the same continuous classification scale 

(Verbeek, 2005). Embodiment and cyborg relation describe specific ways in which technologies interact with the 

embodied platform of the human mind and thus create unique transformed experiences (Rosenberger & Verbeek, 

2015; Verbeek, 2011). Since Human Enhancement concerns short and long-term technological alteration of the 

same platform (Döbler & Carbon, 2024), the question of how the used technologies impact our embodied 

relationship is important (Coeckelbergh, 2013).  

Verbeek argued that through their transformative effect, technologies have a constitutive effect not only 

regarding what is perceived but also on who is perceiving (Rosenberger & Verbeek, 2015; Verbeek, 2005). This 

extends Ihde’s work insofar as the mediating effect is not happening “between” two fixed relata “but rather coshapes 

subjectivity and objectivity” (Verbeek, 2005, p. 130, original italics). The mediational effect of the technologies we 

encounter every day ‘produce’ our understanding of the external world and of ourselves as experiencing human 

subjects (Verbeek, 2005). The meaning of post-phenomenology grounds itself in this particular relational and 

mediated objectivity and subjectivity, and the explicit recognition and validity of these mechanisms in human 

culture and practices like science (Ihde, 2009; Rosenberger & Verbeek, 2015; Verbeek, 2005). These propositions 

build on the premise that technologies mediate human intentionality and steer the direction and experienced 

quality of human perception and action (Ihde & Malafouris, 2019; Rosenberger & Verbeek, 2015; Verbeek, 2005, 

2011). Moreover, not only humans are granted intentionality, but also the involved technologies are seen as having 

a specific way of “sensing” the world (Robert-Demontrond, 2022; Verbeek, 2005). This perspective is strictly 

confined to technologies being directed to some aspects of the environment and not in the sense that they can 

behave intentionally, aka purposefully (Robert-Demontrond, 2022). If these capabilities amend the non-mediated 

human way of relating to the world, the “addition” of sensory capabilities can create a human-technology “composite 

intentionality” (Verbeek, 2008, p. 387). Maximizing the closeness, a cyborg-like coalescence creates a human 

transcending mode of experience and thus a “hybrid intentionality” (Verbeek, 2008, p. 390). By being integrated 

into our functional engagement with the world, the experience- and action-mediating effect of technology influences 

how we experience ourselves, make sense of it, and act within the same world (Clark, 2003; Döbler & Bartnik, 

2022; Robert-Demontrond, 2022; Verbeek, 2005). As pointed out elsewhere (Döbler & Bartnik, 2022; Döbler & 

Carbon, 2024), these propositions help us to understand the cognitive science perspective on humans as “profoundly 

embodied agents” (Clark, 2007, p. 279, original italics) who use various external means, e.g., Human Enhancement, 

to form “new agent-world circuits” (Clark, 2007, p. 270).  
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Moreover, postphenomenology is a well-suited approach to enrich the psychological assessment of Human 

Enhancement because:  

1. Postphenomenology relies on case studies for comprehensive theory building and is one example of the so-called 

“empirical turn” in the philosophy of technology (Bosschaert & Blok, 2022; Rosenberger & Verbeek, 2015). Doing so, 

it scrutinizes the employment of technologies in various cultural settings while examining the fundamental role of 

human embodiment in this practical, daily engagement (Aagaard, 2016; Hasse, 2008; Ihde, 1990, 2009; Verbeek, 2005). 

Geared towards integrating theory and empirics (Rosenberger & Verbeek, 2015), postphenomenology is conceptually 

and methodologically open to inform psychology on the effects and underlying mechanisms of specific instances of 

Human Enhancement (see Döbler & Bartnik, 2022; Döbler & Carbon, 2024).  

2. Postphenomenology stresses how historical and modern scientific discoveries were only possible through technological 

aid (Ihde, 1990, 2009). The knowledge-producing role of the so-called ‘techno-science’ extends to non-natural science 

and is self-reflexive (Ihde, 1979, 2009). This emphasizes how the psychological assessment of Human Enhancement is 

only possible through the human-technology relations employed in empirical science. Whatever is to be dismantled by 

the former must be investigated regarding the role technology played in the scientific process of building it.  

3. Critics of radical Human Enhancement sometimes argue that the resulting novel experiences and their evaluation yield 

a subtle and slow ‘alienation’ from other humans and the world we all share (e.g., Agar, 2014; Kass, 2003). Moreover, 

biotechnological enhancements are feared to meddle with our natural agency (President’s Council on Bioethics, 2003). 

Postphenomenology situates experience and agency in a technologically dominated socio-material context while 

granting the used artifacts a “subtle” experience-transforming effect (Ihde, 1990, p. 112). A postphenomenologically 

informed perspective improves our understanding if and how expected transformations of experience and agency justify 

raised concerns (see Sharon, 2014).  

4. Postphenomenology addresses existential concerns about the potentially paradisiacal or disastrous future of human-

emerging technology relations (Ihde, 1990). Thus, it may be worthwhile to examine how Human Enhancement 

intervenes with and shapes the existential relationships between humans and their environment (Coeckelbergh, 2013). 

Postphenomenology dismantles the traditional understanding of acting subjects and perceptually explored objects 

by stating that both are not metaphysically given but result from technological mediation (Verbeek, 2011). This 

position qualifies Verbeek and Ihde as representatives of an approach to technology that rejects the sharp line 

bioconservatism and transhumanism draw between technologies and the manufacturing, allegedly exceptional 

humans (Sharon, 2014). Here, I encounter the first challenge. As a psychologist interested in how people think and 

behave, I must work with the given. This means I must examine how culturally propagated conceptualizations of 

what it means to be human, theoretically and empirically, relate to how people behave and evaluate encountered 
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technologies. Such understandings serve as an important motivational function within the Human Enhancement 

debate (Coeckelbergh, 2013; Hauskeller, 2016; Wilson & Haslam, 2009, 2012). My approach is open to analyzing 

the mediating influence of emerging technologies and how particular notions of humanity emerge (e.g., Sharon, 

2014). Yet, it does not follow that the investigated people share the academic conceptualization of technology or 

Human Enhancement. Psychology has the responsibility to take its subjects and their beliefs seriously, even if the 

academic literature “falsifies” them. Yet, it must also be open to approaches that re-situate what is seen at stake 

(e.g., Sharon, 2014). Still, if attempting to understand why people consider individual and invasive interventions 

as more controversial than environmental manipulations (M. Haslam et al., 2021; Levy, 2012), the strict 

human/environment distinction some scholars are skeptical of emerges as psychologically important (For a 

discussion on the justifiability of this distinction, see Agar, 2014). Luckily, the complete elimination of humans as 

a category is too far-fetched. Even if postphenomenology sees humans and technology as insoluble dependent 

(Verbeek, 2011), Ihde refrains from granting objects the same ontological status as human subjects (Sharon, 2014). 

In other words, the malleability of relata does not necessitate their dissolution (see Rosenberger & Verbeek, 2015). 

In summary, postphenomenology does not reject the meaningfulness of the human as a concept but still argues 

for the impossibility of separating our current understanding of ourselves from the influence of technology. Hence, 

it can rearrange the relationship between humans and technology in a way that helps psychology to better grasp 

and focus on its objects and subjects of inquiry.  

3.7. Active Humans  

The postphenomenological primacy of embodiment and technologically imbued agency (Ihde, 1990) in a socio-

material frame (e.g., Aagaard, 2016; Hasse, 2008; Ihde, 2011b) can be informatively linked to psychological and 

cognitive science theories that champion the role of the active body and its embodied mind in mutual and 

inseparable relation to a specifically valued environment (e.g., Clark, 2003, 2007; Rietveld et al., 2018; Thompson 

& Stapleton, 2009; Varela et al., 1991/1993). Ihde and Malaforious (2019) acknowledge that postphenomenology 

partially overlaps with these approaches but still point out that the latter are still somewhat negligent of the 

influence of the specific manifestations and effects of how humans engage with the material environment. This 

problem is addressed by Malaforious (2013) in his “Material Engagement Theory.” According to him, any approach 

to embodied cognition must not only recognize that the human mind and body are indivisible linked but also 

acknowledge that human activity in a material environment exerts sustainable influence on all domains of 

perception and action.  
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Adopting this notion, I share the expressed sympathy with the central hypotheses of what is called enactivism 

(e.g., Ihde & Malafouris, 2019; Malafouris, 2013). According to this approach to cognition, perception does not 

create perfect and absolute representations of an objective world (Varela et al., 1991/1993). Instead, each organism, 

through its bodily activity and emerging sensomotoric feedback loops, engages in so-called “sense-making” which 

results in the emergence of a value-laden topography of its environment (Thompson & Stapleton, 2009). Thus, 

cognition describes how such “enaction” yields mundane physical features to present themselves with immediate 

meaning (Varela et al., 1991/1993, p. 206). In short: “Sense-making is behavior or conduct in relation to 

environmental significance and valence, which the organism itself enacts or brings forth on the basis of its 

autonomy” (Thompson & Stapleton, 2009, p. 35). This understanding highlights how organisms must use their 

behavioral repertoire to constantly balance coping with normative socio-material demands and the fulfillment of 

individual needs (Di Paolo, 2005; Virenque & Mossio, 2024). Enactivism has been applied to social (Butnor & 

MacKenzie, 2022; De Jaegher & Di Paolo, 2007; García, 2021; Mojica, 2021), material (Malafouris, 2013; 

Monterroza-Rios & Gutiérrez-Aguilar, 2022; Rolla & Novaes, 2022), and even ethical contexts (Di Paolo & De 

Jaegher, 2022). Yet, this doctoral dissertation should not be read as primarily enactivistic. When discussing how 

Human Enhancement relates to our embodiment and can yield changes to ourselves (see Clark, 2003; Coeckelbergh, 

2013), I draw from central concepts like active sense-making to examine how technological interventions targeted 

to modulate our embodied activity may impact our action capacities and experienced reality (see Döbler & Bartnik, 

2022). Moreover, I will orient on previous work that highlights how humans navigate normativity at various levels 

of abstraction (e.g., Di Paolo, 2005; Maiese, 2022) while also highlighting the crucial role of technology in this 

conduct. Both the enactivist tradition and postphenomenology emphasize how the (technological) activity of 

embodied agents shapes the meaning of the socio-material encountered world and of the former’s features (Ihde, 

2009; Ihde & Malafouris, 2019; Varela et al., 1991/1993; Verbeek, 2005). Thus, we can link fundamental changes 

in reality to historical and new technological transformations of ourselves (Ihde, 2011b).  

Applied to the Human Enhancement context, this yields the premise that humans are active, embodied beings 

in a dynamic environment and that their activity to prevail in this environment includes applying things they 

made to themselves (Döbler & Bartnik, 2022; Döbler & Carbon, 2024). But if our bodily activity is as reality-

constituting as suggested, what impact may contemporary and future manifestations of its technological expression 

have on our self-understanding?  
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3.8. Summary  

A comprehensive and integrative picture of Human Enhancement demands linking practical findings to the abstract 

debate. Doing so, any psychological approach must address not only future projections but also contemporary and 

historical manifestations of Human Enhancement. Thus, we cannot operate with a finite set of technologies and 

must identify general use principles. The following discussion is my attempt to do so while being attentive to any 

impact these principles may have on ourselves as conducting beings. 

4. Adapting ourselves instead of the environment 

4.1. What is needed? 

As seen in Section 3.1. there are many definitions of Human Enhancement. Each may be suitable for a different 

type of inquiry and problem (Gyngell & Selgelid, 2016). Given the declared goal of finding a shared link between 

different types of technologies and paying close attention to Human Enhancement as a psychological and everyday 

phenomenon, a new definition should balance the practical ethical need for identifying useful definitory criteria 

(Bostrom & Savulescu, 2009) with the proposed practical and transformative influence technology has on ourselves 

(see Verbeek, 2005). Any so emerging definition should be equally applicable to the abstract ethical and 

philosophical debate (e.g., Agar, 2014; Hauskeller, 2013), as well as providing additional explanatory power to 

empirical studies like those on epidemiology (e.g., Sattler et al., 2024) or factors that modulate use intention or 

moral evaluation (e.g., M. Haslam et al., 2021). Committed to examining the argument that manifestations of our 

agentic capabilities can infringe their very nature (e.g., President’s Council on Bioethics, 2003) while 

simultaneously being attentive to the historically technological character of these capabilities (Ihde, 1990) and 

their meaning for the encountered reality (Varela et al., 1991/1993), we need an understanding of Human 

Enhancement that pays close attention to how we do it and how it affects ourselves.  

Moreover, if any estrangement between technologically altered and non-altered humans is supposed to happen 

not suddenly (Agar, 2014), then we should also be interested in an account of Human Enhancement not confined 

to those extreme results easily spotted due to their substantially transformed experiences (cf. Agar, 2014). 

Interested in all the small yet decisive effects of technologies-in-action (Ihde, 1990), a postphenomenologically 

informed, ‘anti-alienation’ and “more nuanced view of technology according to which technology [or Human 

Enhancement] offers a form of engagement with the world” (Sharon, 2014, p. 80) may be useful. These 

considerations favor orienting toward a “functional approach,” which ties enhancements not to their ability to 
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surpass a specific level of capabilities and are evaluatively reserved whether the intervention per se is problematic 

(Gyngell & Selgelid, 2016, see Table 1). The following is a summary and extension of Döbler and Carbon (2024) 

and Döbler and Bartnik (2022), in which such an approach was developed. This section addresses and extends the 

posed questions and formulates the theoretical basis of Human Enhancement that I will use throughout this thesis.  

4.2. Mapping the phenomenon  

Kirsh (1996) famously showed how, in general, “adapting the environment instead of oneself” (p. 415) can produce 

highly effective behavioral outcomes. In their analysis of drug-based cognitive enhancement in occupational 

contexts, Pustovrh et al. (2018), without reference to Kirsh, argued that Human Enhancement can invert this 

relationship:  

while practically any use of technology influences and changes the way the human mind functions, human 

enhancement technologies offer an even more radical possibility – that of adapting human beings directly to 

specific environments, niches and demands through the technological restructuring of the body, and especially 

of the brain. (Pustovrh et al., 2018, p. 302, italics added) 

Picking up Kirsh’s idea and Pustorvh et al.’s quote, we extended the understanding of discussed enhancements 

beyond occupational cognitive enhancement toward the general daily struggle of humans for survival, a steady and 

diverse flow of demands, and, most importantly, the exploitation of various technological means to succeed within 

this task (Döbler & Carbon, 2024). The discussed employment of technology to adapt humans to demanding 

surroundings aligns these thoughts and our extension to the intellectual root of the spacefaring “Cyborg,” who 

“deliberately incorporates exogenous components extending the self-regulatory control function of the organism in 

order to adapt it to new environments” (Clynes & Kline, 1960, p. 27). Drawing from Pustorvh et al. and Clynes 

and Kline, we regarded the adaptation of ourselves as analytically, practically, and ethically different from the 

adaptation of the environment (Döbler & Carbon, 2024).  

Crucially, the latter is also understood as far more radical than Kirsh (1996) proposed. While Kirsh focused 

more on local and individual acts, we made the case that one of the most profound adaptations of the environment 

is the global technological exploitation of the earth’s resources (Döbler & Carbon, 2024). Yet, we also pointed out 

how the survival of the human species is critically endangered by the devastating consequences of technology-

driven ecological manipulation (Döbler & Carbon, 2024). Transhumanist Nick Bostrom (2002) saw planetary 

destruction as what he calls “existential risk” (p. 4), i.e., a condition that endangers humanity’s persistence and 
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technologically induced posthumanization. Bostrom (2002) also discussed those risks as stemming from wrongly 

implemented emerging technologies, e.g., nanotechnology or genetic engineering. Still, he explicitly argued for the 

acceleration of developing methods to enhance our cognitive capacities to make these risks less likely (Bostrom, 

2013a). As pointed out by us, bioconservative Francis Fukuyama, however, offered a slightly different perspective. 

In an amended afterword to his famous book “The End of History and the Last Man,” Fukuyama (2006) cites 

several conditions that may hinder the systemic dominance of liberal democratic values and societies. Here, he 

puts particular emphasis on the destructive role of technology, both on an individual and planetary scale. 

Fukuyama argues that biotechnology and its “dehumanizing consequences” are an equal yet “more subtle” threat 

to liberal democracy than the climate crisis (p. 354). From this perspective, we encounter a continuum in which a 

too profound adaptation of either the environment or ourselves risks devastating consequences (Döbler & Carbon, 

2024; see also Allenby & Sarewitz, 2011). It becomes evident that adapting ourselves may not only denote the 

functional mechanism of Human Enhancement but hints toward a source of concern (Döbler & Carbon, 2024). 

This is reflected in the ethical controversy surrounding the advocates’ call for the universal improvement of 

ourselves as humanity (Hauskeller, 2013) and adversaries’ worries about a collectively shared human nature (Pugh 

et al., 2016; Sharon, 2014).  

To link the locus of intervention to the proposed function and to provide a link toward the established literature, 

we defined “Human Enhancement as the employment of embodied technologies to improve the capabilities of the 

human body or to create new ones. An endeavor primarily conducted to adapt oneself instead of the environment” 

(Döbler & Carbon, 2024, p. 598, original italics). Human Enhancement was capitalized to underline it as an 

overarching concept, while the employed technologies are called enhancements (Döbler & Carbon, 2024). The 

proposed definition allows for assessing various means and phenomena under one label while ensuring conceptual 

connectivity to the philosophical aspects of the debate and the general principle (Döbler & Carbon, 2024). For 

          

                        

               
           

                     

                             

      
  

 

                  

                    
                        
             

     

                  
                 
                  

                                            
                           

                

                 

Figure 2. Definition and classification of Human Enhancement. Figures taken from Döbler and Carbon (2024, pp. 599/600) 
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example, it does not matter whether described as “non-medical use of prescription drugs for PNE [pharmacological 

neuroenhancement]” (Bagusat et al., 2018, p. 1) or “instrumental drug use” (Schleim, 2020, p. 2): all these 

phenomena aim at improving cognitive capabilities through an adaptation of ourselves and can be summarized 

under cognitive enhancement, which then is seen as a facet of Human Enhancement in general (Döbler & Carbon, 

2024). At the same time, we can include yet extend beyond conceptions that focus more on external, temporarily 

embodied means (e.g., Clark, 2003). The following discussion will dissect this definition (Figure 2) and foster a 

better understanding of the phenomenon.  

4.3. Practicing Human Enhancement 

The identified central function of Human Enhancement highlights the commonness and partial acceptance of this 

practice (Döbler & Carbon, 2024). With few to no ethical worries, humans brush their teeth to prevent natural 

decay, drink coffee to boost their biologically rooted sleepiness, or wear clothes to enhance thermoregulation and 

appearance. This enumeration concurs with examples used by other authors to naturalize and historize 

enhancement efforts and subsequently focus on the ethically more worrisome biotechnological means (e.g., 

Buchanan, 2011; Greely, 2006). Conjoining with these authors, we highlighted how many human practices are 

already structured around means we identify as Human Enhancement (Döbler et al., 2024). Drawn from the 

literature, given examples vary in moral evaluation and comprise the use of drugs to enhance mood and cognition, 

vaccination, caffeine, artificial limbs, tools, Brain-Computer-Interfaces, clothes, genetic engineering, and many 

more (Döbler & Carbon, 2024). If we then submit ourselves to the postphenomenological position that used 

technologies exert a crucial influence on the encountered reality (Ihde, 2011b; Verbeek, 2005), we have good reasons 

to believe that the mediational effect of commonly practiced Human Enhancement, in all its different 

manifestations, exerts the same role (Döbler & Carbon, 2024). In this regard, Döbler and Carbon rejected concerns 

about the inevitable estranging and posthumanizing effect of specific, experience-mediating enhancements (e.g., 

Agar, 2014; Kass, 2003) and affirmed that the different existential modes and how we make sense of them are 

fundamentally channeled through the various technologies and enhancements we employ (see Clark, 2003; 

Coeckelbergh, 2013; Rosenberger & Verbeek, 2015). What and how we practice influences how we see ourselves 

(Ihde, 1979; Stetsenko & Arievitch, 2004). Hence, Human Enhancement as a practice is a constituent of our 

experienced reality, self-understanding, and way of living (Döbler & Carbon, 2024). 
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4.4. Embodied technologies  

But what makes this practice of adapting ourselves possible? Trivially, the human body's biological tissue and 

physiological processes can be purposefully modified. We can cut open ourselves and install implants, take drugs, 

or inject vaccines. This denotes what we call “physiologically embodied” enhancements (Döbler & Carbon, 2024, 

p. 601). As further discussed by us, this leans toward Verbeek’s (2008) cyborg relations and is linked to potential 

concerns regarding interventions threatening the integrity of the body (Döbler & Carbon, 2023; M. Haslam et al., 

2021; Sattler & Pietralla, 2022; Scheske & Schnall, 2012). Since Human Enhancement may be commonly associated 

with invasive and visible technologies (Döbler & Carbon, 2021, 2023), related subsets of physiological embodied 

means may reflect the pop-cultural Cyborg.  

However, the reality-shaping influence of technologies also applies to the less invasive embodiment relations in 

the sense of Ihde (1990). Here, Greely (2006) argued that the fact that some external aids are experienced as if 

being part of the user challenges any definitions that understand enhancement only in terms of biological 

invasiveness (see also Buchanan, 2011). Without mentioning postphenomenology, Greely thereby affirms Ihde’s 

(1990) position that embodiment relations can create the temporal impression that the technology belongs to us. 

Explicitly concurring with Greely, we found an additional theoretical backbone in Andy Clark’s (2003) concept of 

humans as “Natural-born cyborgs.”12 In his eponymous book, Clark (2003) reinterpreted the original conception of 

the Cyborg not as some futuristic fantasy but as the status quo: “it is our basic human nature to annex, exploit, 

and incorporate nonbiological stuff deep into our mental profiles” (p. 198, original italics). This concept, in line 

with cited evidence on the adaptation of the neuronal body representation in attunement to the spatial properties 

and functionality of the used technological means (e.g., Kieliba et al., 2021; Martel et al., 2016; Vignemont, 2011) 

are the foundation of what we called “psychological embodiment” (Döbler & Carbon, 2024, p. 595) Together with 

the physiologically embodied examples, psychologically embodied means define what we understand as “embodied 

technologies.” (Döbler & Carbon, 2024, p. 596) Crucially, this characterization is meant as a broad sketch so that 

the two types are not mutually exclusive (Döbler & Carbon, 2024).  

Building on back then unpublished research by De Preester, it was suggested that external means can only be 

considered as part of the sense-making cognitive system if ‘transparently incorporated’ into the pre-existing 

 
12 Although enactivist authors acknowledge the effort of Clark to highlight the embodied and somewhat enactive character of 

our cognition, they have criticized him for the primacy he grants to the brain over the body (Gallagher, 2017; Thompson 

& Stapleton, 2009). I am not about to discuss the underlying debate about the neural architecture of the mind and conceptual 

subtleties. Instead, references to Clark’s theories and those propagated in the enactive tradition are meant to underline the 

shared emphasis on human activity and our cognitive processes in reciprocal relationship to the socio-material environment. 
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sensomotoric patterns used for environmental engagement (Thompson & Stapleton, 2009). Any so-achieved link 

between the dynamics of the biological body and formerly external technological devices then yields a sort of 

functional ‘intimacy’ (Thompson & Stapleton, 2009). However, the semantics of this claim counteract the 

proposition of Ihde (1990) about the impossibility of absolute phenomenological transparency of external tools: 

even if we wish for such absolute transparency, the embodied technology can never be eliminated from the 

relationship that brought forward our improved capabilities. In her published research, De Preester (2011) directly 

discussed what Ihde (1990, p. 75) calls “quasi-transparency” in this context. She argued that not every external 

tool could be similarly experienced as if being a part of ourselves. Her discussion about the distinction between 

what she understands as superficial bodily “extensions” (p. 121, e.g., cutlery) and deep bodily “incorporation” (p. 

123, e.g., prostheses replacing absent limbs or senses) revolves around the normative malleability of the neuronal 

body representation, phenomenological experience of ownership and subsequently altered experiences (see Schmidl, 

2022; Thompson & Stapleton, 2009). Yet, by claiming that only prostheses can be fully incorporated because of 

their ‘completing’ effect, De Preester employs a static and conservative human body model that can only be ‘filled’ 

but not modified.  

Bell and Macuga (2022) have recently challenged the measurement and theoretical assumptions of the idea that 

external means directly interfere with the neurophysiological representation of the human body. Instead of the 

traditional view of a single neuronal model that is updated and “extended” by tool use (p. 343), Bell and Macuga 

(2022) proposed that tool usage does not modify an existing representation but adds a model of the tool properties 

to the standard sensorimotor representation of the body. Bell and Macuga do not mention prostheses and equate 

“incorporation” and “extension” directly in the title of their paper. Still, their arguments might dissolve the conflict 

seen by De Preester (2011). Instead of focusing on the malleability of the body representation, Bell and Macuga’s 

arguments emphasize the flexibility of attuning the latter to the properties of external means. Thus, there would 

be no body model that can be prosthetically “filled up” but only flexibly amended. Hence, no fundamental 

distinction between extension and incorporation can be made. Vignemenont (2011) claimed that only 

ontogenetically grown limbs can be ‘fully embodied,’ so that no external means can completely mimic the “natural” 

way of sensomotoric coordination. Using this argument, we concluded that an absolute integration is not required 

to qualify means as embodied enhancement (Döbler & Carbon, 2024). Even though the embodied technology 

remains ‘quasi-transparent,’ it is still a “partial symbiosis of myself and the technology” (Ihde, 1990, p. 86) so that 

we fundamentally attribute the tools’ capabilities and actions as belonging to ourselves (see also Clark, 2003). 
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Concerning external adaptations, following Bell and Macuga (2022) and viewing tools and technologies as add-ons 

may be conceptually more open to incorporating complex means in more diverse settings. 

Although Bell and Macuga (2022) do not see them as necessarily supportive of their theory, the results of Miller 

et al. (2018) may be worth mentioning here. These suggest that tools can function as extending sensory interface 

because the human hand mechanoreceptors respond to the specific vibrational patterns that emerge when tools 

interact with the material environment. Moreover, Miller et al. report a temporal correlation between tool vibration 

onset and receptor activity. Suppose that the qualification of technology as enhancement builds on the agents’ 

bodily capacities to integrate sensory input and the technologies’ success in fostering an effective relationship 

between the agents’ mental and physical state with the incoming environmental information (Clark, 2007). In that 

case, the results of Miller et al. are one additional explanation of how the physiological architecture of our dexterity 

organs provides the so-required openness to include information ‘sensed’ by the tool and thus create “new systemic 

wholes” (Clark, 2007, p. 271). The emerging relationship could be defined as Verbeek’s (2008) composite 

intentionality. Even if Verbeek states that this type is especially relevant to the mentioned hermeneutic relation, 

the material-specific response of the tool relative to the properties of the environment in concert with the 

capabilities of the human user shows how the distinct world-access of the technology can give rise to an embodiment 

relation. If so, it is direct evidence of what Ihde (1990) formalized as ‘sensing the world through technology’ instead 

of hermeneutically “reading” it.  

Additional scrutiny should be directed to external technologies designed to influence physiological processes 

(Döbler & Carbon, 2024). One given example by us in this context was transcranial direct current stimulation 

(tDCS), a technology that can enhance cognitive functions through cranial application of electric current 

(Narmashiri & Akbari, 2023). If those interventions are a form of Human Enhancement, how can we properly 

distinguish their effects from environmental influences?13 After all, varying properties of our surroundings, 

including those created by deliberate manipulation, profoundly influence physiological and cognitive processes of 

the body (Myers & Patz, 2009; Wheeler & Clark, 2008) and are sometimes seen as enhancement as well (Agar, 

 
13 Agar (2014, p. 50) distinguishes methods for radical self-improvement as either “internalized” (profound physiological 

integration) or “externalized” enhancement (e.g., infrastructure). Agar accuses Clark’s (2003) theory to trivialize this distinction. 

Indeed, Clark does not only focus on external tools but also on information technology that enables the global distribution and 

eventual incorporation of knowledge. Clark may be right from an analytic perspective, but not considering the phenomenological 

experience of integrating external means into what we consider ourselves, of the experience of immediate physical intrusion. 

For Agar, the latter is also fundamentally different because the internal/external distinction is constituted and maintained by 

a contingent value process that outweighs any philosophical fidelity. Emphasizing the distinction between adapting ourselves 

and adapting the environment, I use a physical and psychological experiential criterion for demarking the two kinds. Thus, my 

definition comprises means that Agar counts as externalized enhancement and denies the enhancement status for some examples 

Clark would argue for. 
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2014; Buchanan, 2011).14 The solution to solely focus on phenomenological aspects, which demarcates mere 

environmental manipulation from embodiment relations, characterized by the ability to transparently feel through 

the artifact (Ihde, 1990), seems complicated, considering that tDCS may have an effect after its external 

application. Still, we could argue that these particular technologies must be applied very close to the individual 

body, are targeted at one particular human, and are thus much more specific and “personal” in their application 

than broad-scale adaptations of the environment (Döbler & Carbon, 2024). Subjective judgments on the extent to 

which an intervention is experienced to affect oneself in contrast to everybody else and directly influence individual 

action capabilities could further clarify which interventions qualify as Human Enhancement.  

When physiologically embodying external means, adapting ourselves may be intuitively evident. Yet, to 

highlight the significance of psychological embodiment, we again relied on Clark and his claim that a profound 

alteration of ourselves does not necessitate invasive technologies. Instead, even the tools we use daily “have the 

power to transform our sense of self, of location, of embodiment, and of our own mental capacities. They impact 

who, what and where we are” (Clark, 2003, p. 198). Drawing upon this quote to see our capabilities as 

fundamentally identity-constituting, we concluded that our current understanding of ourselves is not inevitably 

threatened by what we identify as Human Enhancement but is deeply entangled with the diverse means used for 

that purpose (Döbler & Carbon, 2024).  

Within the here summarized and partially extended notion of embodied technologies, we abandoned 

enhancement definitions that use the human skin as identificatory boundary (cf. Allhoff et al., 2010). Besides that, 

we argued that it is sound enough to address the related issue to identify the means that demand ethical scrutiny 

while avoiding a slippery slope argumentation where any positive alteration of ourselves qualifies as enhancement 

(Döbler & Carbon, 2024; see Bostrom & Roache, 2008; Bostrom & Savulescu, 2009). Hence, it is more applicable 

than accounts that only focus on the outcome while neglecting the means used (e.g., Daniels, 2000) or confine 

themselves to biotechnology (e.g., Buchanan, 2011). While the latter approach may be reasonable given the 

attributed potential for deep-cutting transformation and the redefinition of established terms (Sharon, 2014), our 

function-focused analysis of Human Enhancement discards the definitory overemphasis upon technologies that 

directly act upon molecular processes while also acknowledging that people hold strong opinions to means 

suspected to be more transformative (Döbler & Carbon, 2024). Moreover, our definition can separate practices 

 
14 Buchanan refers to these environmental alterations to argue that it is not only enhancement via biotechnology that can be 

controversial and highly effective. However, under my conceptualization, examples of Buchanan, like agriculture, do not qualify 

as Human Enhancement (Döbler & Carbon, 2024).  
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that primarily reside on mental or behavioral strategies (so-called “enhancement techniques” (Brunyé et al., 2020, 

p. 457) from those that are fundamentally structured around one enhancement, which is attributed as primarily 

contributing to any adaptation goal (Döbler & Carbon, 2024).15 In summary, what qualifies embodied technologies 

as means for Human Enhancement is their operation in maximum proximity, with, on, and inside the human 

agent, so that they are considered part of our functional engagement with the world. The presence of the technology 

alongside the related phenomenological effects distinguishes this practice from other forms of adaptation.  

4.5. Multistability 

Postphenomenology strictly rejects that there is one “essential,” i.e., single way to use a technology (Rosenberger 

& Verbeek, 2015). Instead, technologies are seen as characterized by “multistability” meaning “that they can be 

used for a variety of purposes (the ‘multi’), but not for infinitely many (the ‘stability’)” (de Boer, 2023, p. 2267). 

We adopted this definition to highlight how many means humans encounter in their material environment can be 

used in an enhancement manner (Döbler & Carbon, 2024). Multistability further emphasizes the two-way 

relationship between use-inclining, normative contextualities, and the action possibilities of the technology (de 

Boer, 2023). This was exemplified by the variation in ethical evaluation, conditional on used means but in partial 

interaction with the intervention purpose, i.e., whether the technology is meant to enhance, treat, or prevent 

(Döbler & Carbon, 2024). Here, we further linked specific, “stable,” and effective uses of the technology to individual 

capacities and prerequisites. Our examples concerned the individually different physiological responsiveness to 

cognitive enhancement drugs (Husain & Mehta, 2011) but also the general diversity within means possibly 

applicable for this purpose (Napoletano et al., 2020). In summary, multistability emphasizes how human creativity, 

material features, individual differences, and socio-material contextuality influence the way we modulate our 

abilities (Döbler & Carbon, 2024). Furthermore, it abandons the idea that there are “essentially” enhancing 

technologies and urges us to find a connecting functional principle between different means for Human 

Enhancement and define the capabilities of their users that make the enhancement purpose and effect possible.  

4.6. The imagined enhancement  

Our definition explicitly denied that employed means must yield outcomes radically beyond “normal” human 

expression to count as Human Enhancement. Moreover, we claimed that examining and defining Human 

Enhancement requires acknowledging its potential non-effectiveness (Döbler & Carbon, 2024). These thoughts 

 
15 Isolating single technologies and practices for scientific inquiry is possible, but should acknowledge the general context. 

Moreover, bodily techniques can have an experience-mediating effect (Secomandi, 2015). 
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were inspired by the noted ambiguity of different definitions about whether Human Enhancement comprises only 

interventions that “objectively” influence a human capacity for the better or whether the intention to do so is 

enough to describe the phenomenon (Döbler & Carbon, 2021, 2024).16 We pointed out that positions that focus 

on factual, numerable effects alone automatically preclude technologies whose effects cannot be measured due to 

their non-existence (Döbler & Carbon, 2024). In other words, if I cannot identify a technology as Human 

Enhancement, I cannot use it as an example to argue against or for the latter. To close this gap, we stated that 

from an everyday perspective, the technology’s “assumed functionality” (Wolff & Brand, 2013, p. 2) to achieve 

whatever we define as improvement is among the key motivational and identificatory factors for Human 

Enhancement (Döbler & Carbon, 2024).  

Indeed, greater predicted transformations may incline willingness to use an enhancement due to its assumed 

effectiveness (Looby et al., 2015; Sattler et al., 2014). But if seen as too effective, moral acceptability of potentially 

unfair enhancement diminishes (Coveney et al., 2019; Fitz et al., 2014; Mihailov et al., 2021; cf. Williams & Steffel, 

2014). Even if not considering radical alterations of our capabilities as morally wrong per se, empirical results show 

that potential alterations of traits considered integral to people’s identity foster moral unease and reduce 

enhancement willingness (M. Haslam et al., 2021; Riis et al., 2008; K. Wagner et al., 2018). Thus, I recognize the 

ethical gravity of enhancements that promise significant transformations of aspects we currently value (see Agar, 

2010, 2014; Wilson & Haslam, 2009). However, we should not fall for an all-too-static view of our capabilities. As 

a matter of incremental growth, the objective radicality of enhancement is conditional on a yet-to-be-determined 

and highly flexible population baseline that is also responsive to environmental and socio-material influences 

(Cassioli & Balconi, 2022). A distinction between “moderate,” morally defensible enhancement that merely boosts 

our “abilities to levels within or close to what is currently possible for human beings” and the non-permissible and 

potentially human-identity-threatening “radical enhancement,” i.e., boosting “to levels that greatly exceed what is 

currently possible for human beings.” (Agar, 2014, p. 2, original italics) may be drawn for pragmatic reasons. Yet, 

such positions must always consider the implied statics and difficulties in determining the used level of reference 

(Bostrom & Roache, 2008; Gyngell & Selgelid, 2016). Moreover, some highly controversial means may only have 

 
16 E.g., “biomedical enhancement is a deliberate intervention, applying biomedical science, which aims to improve an existing 

capacity that most or all normal human beings typically have, or to create a new capacity, by acting directly on the body or 

brain.” (Buchanan, 2011, p. 23) versus “Strictly speaking, ‘human enhancement’ includes any activity by which we improve our 

bodies, minds, or abilities—things we do to enhance our well-being.” (Allhoff et al., 2010, p. 8). Even if Allhoff et al. imply 

both positions, the semantic difference becomes clear. 
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neglectable or similar effects than widely used practices (Caviola & Faber, 2015).17 This supports the suggestion 

that individual and public discourse about controversial kinds of Human Enhancement does not necessarily orient 

to empirical facts but operates with “‘enhancement imaginaries’ – defined as collective sets of beliefs, shared 

understandings, and expectations about enhancement … that circulate in policy, research, public discourse, and 

the media, are drawn on, reproduced, developed and/or dismissed by various publics” (Coveney et al., 2019, p. 

321; see also Jasanoff & Kim, 2009). Since controversies about Human Enhancement are often raised before any 

tangible radical effect can be assessed, e.g., human genetic engineering (Jones, 2006), approaches which refer to 

the radicality of effects remain heuristic and must acknowledge that the intention to provoke radical transformation 

is enough for a regulatory decision.  

Not commenting on this regulatory aspect, Döbler and Carbon (2024)  cited evidence showing that people 

employ enhancement expectations that are not always congruent with actual empirical effects (e.g., Corazza et al., 

2014; Maier et al., 2018). Moreover, even though the effects of drugs meant to enhance cognition are minor or non-

existent (Roberts et al., 2020), people may experience the effects subjectively stronger than objectively justified 

(Ilieva et al., 2013) and thus misattribute enhancement effectivity (Döbler & Carbon, 2024). The action-guiding 

power of subjective beliefs is further exemplified by revealing that assumed enhancement effects and low average 

college grades can predict the intention to use non-prescribed cognitive enhancement drugs (Looby et al., 2015). 

Additionally, students who conducted nonmedical cognitive enhancement displayed higher expectations of the 

stimulants’ effects than non-using peers (Holt & Looby, 2018). Similar results were shown among athletes who 

used supplements to improve athletic performance (Murofushi et al., 2024). Results of this study suggest that 

although knowing that the use of specific sports supplements may be illicit was negatively associated with their 

use, this effect was mediated by a positive association between this information, deliberately contemplating the 

use and the belief in the enhancing power of these substances.18 Those who knew that the substances may be illicit 

and subsequently questioned their attitude to them were more prone to using them by being more optimistic 

regarding the expected performance boost (Murofushi et al., 2024). These results could suggest that people 

integrate framing information that specific behavior is illicit into their decision-making, as they justify the illicitness 

by the assumed effect.  

 
17 Given examples of the former comprise differences between pharmacological, e.g., Modafinil and non-pharmacological 

enhancement, e.g., Sleep. These examples do not generally meet the proposed definition of Human Enhancement. Still, the 

point made here concerns the effect of the intervention as a basis for moral judgments.  
18 The respective item was formulated in a way, that people who thought about starting to use supplements had to answer the 

same way as people who considered stopping the use. 
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Another study conducted a set of cognitive tests and then administered the same non-active ingredient 

substance to participants, framing it as either performance-weakening or improving. Results showed that although 

objective, post-intervention performance was not affected, subjects in the improvement condition predicted 

significantly higher subjective performance and reported more positive performance improvements than the 

weakening group (Winkler & Hermann, 2019). Creating a credible justification for believing that the substance 

will have an effect is not necessarily required. A study administering open-label placebos (explicitly disclosed as 

possessing no active ingredient) for cognitive enhancement showed no objective or self-assessed performance effects 

(Hartmann et al., 2023). However, a recent meta-analysis concerning affective outcomes like well-being and anxiety 

showed an open-label placebo effect on subjectively reported, but not objective physiological measures (Spille et 

al., 2023). Even when told that they were administered a placebo, people’s experiences are still shaped by their 

engagement with technology. The previously mentioned power of unrealistic individual expectations (Döbler & 

Carbon, 2024) is best exemplified by the public reception of cognitive enhancement, in which people often employ 

an overly mechanistic understanding of the mind as if easily technologically improvable (Mihailov & Savulescu, 

2018). People seem to want to believe that the means they use have magnificent effects. It is “magical thinking” 

adapted to technology’s attributed reliable transforming power (Ihde, 2011a, p. 127).  

Fernandez et al. (2022) recently argued for using behavioral economic models to investigate the decisive role of 

individual expected benefits, attention to risks, capability baseline, and social communication for cognitive 

enhancement use and evaluation. Highlighting the role of assumed capabilities, Human Enhancement may have 

an important yet empirically ambiguous influence on individual self-efficacy (Döbler & Carbon, 2024). Self-efficacy 

regarding academic skills did not vary significantly between real-life users of non-prescribed cognitive enhancement 

substances and non-users (Holt & Looby, 2018). As partially discussed elsewhere (Döbler et al., 2024), there is 

evidence for a negative link between educational or general self-efficacy and the intention for cognitive enhancement 

(Looby et al., 2015; van Veen et al., 2022) or actual pharmacological emotional enhancement (Maier et al., 2015). 

However, other studies failed to replicate this link (Bagusat et al., 2018). Moreover, no link could be found between 

objectively tested or subjectively reported intelligence and the willingness to use various methods for cognitive 

enhancement (Grinschgl et al., 2023), nor self-reported academic abilities and motivation for drug-based cognitive 

enhancement (Sattler et al., 2014). A combination of high-effect expectations and deficient objective performance 

measures like grades may outweigh any influence of self-efficacy (Looby et al., 2015). Still, high overcommitment 

at work, in combination with larger experienced occupational demands than gains, predicted factual 
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pharmacological cognitive enhancement and, thus, suggests the importance of personal evaluations in relation to 

a demanding setting (Sattler & Von Dem Knesebeck, 2022). Drawing from a representative sample of the German 

workforce and the Job demands-resources model, Baum et al. (2023) found only weak evidence for a direct 

positive/negative effect of demands or resources on the motivation to use prescription drugs without medical 

necessity for enhancing cognition. However, demands (e.g., weekly hours) and resources (e.g., working 

autonomously, emotional care) were reliably positively and negatively associated with the subjective pressure 

experienced, which then acted as a partial mediator on the willingness to engage with cognitive enhancement. 

Although ambiguous and complex, empirical evidence suggests a link between a demanding, stressful organizational 

environment and a more favorable attitude toward cognitive enhancement (Franke et al., 2013; Maier et al., 2015; 

cf. Sattler & Pietralla, 2022; cf. Schelle et al., 2015; Wiegel et al., 2016; Wolff et al., 2014; Wolff & Brand, 2013). 

This supports seeing drug use, e.g., for cognitive enhancement, as partially instrumentally motivated (Müller & 

Schumann, 2011; Schleim, 2020; Wolff & Brand, 2013). However, according to Mann (2023), focusing on these 

instrumental reasons alone risks neglecting the contextual conditions that render drug use a “functional response” 

(p. 71) attractive in the first place. The intricate relationships between factual improvement, expected effects, and 

disappointed performances with and without the enhancement may lead to evaluation processes whose outcomes 

must not necessarily match scientific reality (Döbler & Carbon, 2024).19 

The need to evaluate the appropriateness of chosen behavior before conducting it creates the opening for all 

sorts of imaginary overcharge and reveals a fundamental ambiguity of Human Enhancement. The technologies’ 

promised reliable transformation of ourselves manifests in awe-inspiring, largely optimistic but also pessimistic 

“technofantasies” about their impact (Ihde, 1990, 2011a, p. 131). Projected effects are reflected within individual 

enhancement decisions and influence the discursive role adversaries and advocates assign to this practice 

(Hauskeller, 2016; Ihde, 2011a; Sharon, 2014). Hence, we should ask what informs individual use and societal 

regulation: what we know or what we hope or fear to know in the future.  

4.7. Effective adaptation of ourselves  

Even if emphasizing the intention to enhance, we argued for the presence and importance of normative standards 

that govern whether the enhancement counts as “effective” and leaves somebody as “being enhanced” (Döbler & 

 
19 Consider the case of a German citizen with 217 self-reported and 130 confirmed vaccination shots against SARS-CoV-2. 

Although he referred to personal reasons for this enhancement conduct (Kocher et al., 2024), this may be an extreme example 

of how subjective factors can lead to Human Enhancement beyond the objective reasonable. 
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Carbon, 2024, p. 606, original italics). This mechanism requires understanding what Ihde (1990, p. 29) calls 

“microperception” and “macroperception.” According to Ihde, the former describes what we commonly understand 

and directly experience as stemming from sensory input. Macroperception, on the other hand, is a “cultural-

hermeneutic” (p. 30) backdrop against which bodily and technologically mediated perceptions are enframed and 

made sense of. We employed this thought to highlight the distinctiveness of evaluative frames that influence the 

perception of a supposedly adaptive intervention (Döbler & Carbon, 2024). Suppose we grant the present context 

a substantial role in determining the individual experienced success of the enhancement (Menuz et al., 2013). In 

that case, microperception allows us to understand how the feeling of the enhancement’s effectivity emerges in 

relation to cultural variables (Döbler & Carbon, 2024). If we claim that external means can only properly enhance 

human abilities by establishing effective and controllable patterns of sensomotoric coordination (Clark, 2007), 

macroperception reminds us that enhancement evaluation cannot solely stem from individual experience alone but 

is embedded into contexts that establish the evaluative criteria of effectivity (Döbler & Carbon, 2024). In short, 

categories like “effectiveness” always relate to social contexts that, for example, provide quantitative reference 

frames to affirm individual perceptions at the macro-level of “objectiveness” (Schmidl, 2022). Drawing upon this 

thought, people’s impression of the enhancement effects may diverge from socially established standards but are 

nonetheless constituted by it (Döbler & Carbon, 2024). 

Humans are separated from their techno-social environment yet involved in all sorts of meaningful relations 

and interactions with it (Coeckelbergh, 2013). Here lies the potential and need to technologically adapt ourselves 

instead of the environment. Because we experience being distinct from the environment, using external means for 

adaptation is accompanied by the direct experience of “doing technology to us” (Döbler & Carbon, 2024, p. 621). 

Advocates and adversaries champion seeing humans and technology as strictly distinct ontological categories while 

affirming the latter’s transformative potential (Sharon, 2014). If we locate this perspective on the macroperceptual 

sphere, we can understand how any individually, microperceptual experienced technological intervention with the 

body is possibly experienced as either a welcomed embellishment or human-nature threatening technological 

practice (see Sharon, 2014). Macro- and microperception are mutually dependent (Ihde, 1990). Hence, the meaning 

of the mediation emerges in relation to a cultural reference frame that desires or despises it (Ihde, 1990; for a 

rejection of some mediations, see Kass, 2003).  

It was argued that the phenomenological experience of being present in the world and the experience of personal 

agency may be closely linked to the ability to realize behavioral intentions (Triberti & Riva, 2015). Linking this 
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perspective to the intention-shaping, boundary-dispelling, capacity-enhancing technologies (Clark, 2003; 

Malafouris, 2013) and the idea that humans consciously and pre-reflectively exploit behavioral possibilities to 

maximize the effectivity of situational engagement (Rietveld et al., 2018), we argued that technological adaptation 

of ourselves may be so tempting because it can foster a pathway to realize behavior that fits the individually and 

culturally adopted qualifications for effectivity (Döbler & Carbon, 2024). If an alignment between our perceived 

agentic abilities and the surroundings phenomenologically situates us within both (Triberti & Riva, 2015), effective 

technological adaptation influences not only the physical presence of humans but also how the same presence is 

experienced (Döbler & Carbon, 2024). 

Based on their skills and socio-material background, humans will differ in evaluating which behavior in a given 

socio-material environment is most effective, but also how straightforwardly it can be realized (Ramstead et al., 

2016; Rietveld et al., 2018). At the same time, the established ways to engage with a technology are written into 

everyday engagement with them and mutually dependent upon individual and social actions (Coeckelbergh, 2018), 

a principle we can easily extend to Human Enhancement (Döbler & Bartnik, 2022). By effectively realizing the 

several ways in which we can adapt ourselves instead of the environment, we are not only acting upon dynamic 

demands imposed by a dynamic environment but are also advancing the individual and cultural stabilization of 

behavioral patterns (Monterroza-Rios & Gutiérrez-Aguilar, 2022). Hence, the various means we use for adaptive 

Human Enhancement do not only shape the “rich landscape of affordances,” i.e., what skilled humans in a given 

socio-material context are able to do (Rietveld & Kiverstein, 2014, p. 326) and the agents that navigate it (Döbler 

& Bartnik, 2022). The perceived current suitability of actions can be influenced by contingent occurrences or by 

actively changing the state of the environment (Rietveld et al., 2018). Yet, by changing our capabilities, technology 

can also influence what we are able to do and define the appropriateness of available behavior (Döbler & Bartnik, 

2022). 

Thus, the effectivity of environmental adaptations (Kirsh, 1996) or adaptations of ourselves are never 

orthogonal (Döbler & Carbon, 2024). Although Kirsh (1996) employed a different, more Darwinian understanding 

of organismic adaptation, he pointed out how tool-use, for instance, can bring forth new possibilities to ease 

adaptation of the environment. The dynamic engagement with the material world may result in creative, mind-

shaping, technology-producing activities and practices (Malafouris, 2014) and the sustainable shaping of the 

environment to ease and improve cognitive and behavioral processes (Clark, 2013; Kirsh, 1996). Being used in 

engaging with this dynamic world, technologically mediating enhancement impacts the sensory input we rely on 
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to adjust our conceptualization of our world (Döbler & Carbon, 2024). Yet, as exemplified in the context of climate 

change or economic systems, novel demands that require technological adaptation of ourselves can also stem from 

past adaptations of the environment (Döbler & Carbon, 2024). One example of this may be the controversial 

proposition of Persson and Savulescu (2012) to use moral biotechnological enhancement to foster collaboration 

against climate change. 

To further understand the link between individual action, criteria for effectiveness, valued states, and social 

organization, a previously undiscussed enactivistic understanding of how we adapt in general may be beneficial. 

This extends adaptation beyond the experienceable locus of intervention toward a more functional understanding. 

For organisms fundamentally “concerned” with their existence: 

adaptivity is the capability of an autonomous system to respond to tendencies in the trajectories of its states 

and its relations to the world, such that when these tendencies approach the boundary of its own viability the 

system modulates its coupling with the world in a way that tends to avert the crossing of this boundary. (Di 

Paolo, 2015, p. 55, original italics, see also Di Paolo 2005) 

The henceforth adopted understanding of adaptivity as an active process acknowledges that organisms must 

evaluate action possibilities regarding their suitability for coping with current and projected demands and 

maintaining a valued state (Di Paolo, 2005, 2015). In the enactive tradition, this evaluation is tied to pre-reflective 

and conscious sense-making (Di Paolo, 2005; Thompson & Stapleton, 2009) and the effective use of the organism’s 

behavioral and cognitive repertoires (Di Paolo, 2015). Perceived behavioral possibilities are informed by the socio-

material mediated ways to engage with the environment and are inherently expectational (Ramstead et al., 2016). 

In a similar vein, human cognition and action can be seen as regulating allostatic metabolic energy use (Barrett 

et al., 2016; Pezzulo et al., 2024). Under this perspective, Human Enhancement is technologically realized 

adaptivity in the face of currently present or predicted demands.20 This projective nature of adaptivity expressed 

in the statement quoted above also highlights the importance of subjective expectations, as discussed in Section 

4.6. Evaluations and validation of success then influence the subsequent adoption of the enhancement as an effective 

behavioral strategy (Döbler & Carbon, 2024).  

 
20 Demands are usually understood to be imposed by the environment, i.e., everything external to the agent. However, we can 

also understand the internal state of the living agent as an environment (Irwin & Schulze-Makuch, 2020). The latter aspect 

highlights how organismic states can urge motivational demands that must be negotiated on more concrete levels of behavioral 

execution (Pezzulo et al., 2018).  
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But what about enhancement due to curiosity (e.g., Shakeel et al., 2021) or the transhumanist desire to radically 

extend human capabilities? Different reasons for enhancement still converge on using embodied technologies to 

manipulate ourselves in contrast to the possibility of manipulating the environment (Döbler et al., 2024). Such 

behavior may not be subjectively experienced as adaptation. Yet, integral to Human Enhancement is that the 

condition of the human body is intended to be altered and transferred into a more beneficial and desired one 

(Döbler & Carbon, 2024). Moreover, one of the key projects of transhumanism concerns the significant extension 

of our lifespan (e.g., Bostrom, 2005b, 2013b; de Grey, 2013; Humanity+, n.d.), which closes the circle to adaptivity 

as preventing crossing thresholds that threaten the existence of the respective organism in the sense of Di Paolo 

(2005).21 The transhuman focus on life extension can be seen as a coping attempt to our ‘human being-at-risk,’ 

i.e., the fact that our physiological and psychological assets are constantly endangered by our relationships with 

the dynamic world (Coeckelbergh, 2013). According to Coeckelbergh, especially transhumanists view Human 

Enhancement as a potent strategy to cope with existence-threatening conditions. However, as further elaborated 

by him, this strategy does not abolish but only “transforms” (p. 15) the encountered risks and vulnerabilities so 

that each intervention creates novel multifaceted threats at different scales. Nevertheless, Coeckelbergh also 

emphasizes how the to-be-prevented states must not necessarily be of direct existential threat. Humans can and 

must adapt to benchmarks beyond those needed for immediate organismic survival, but are concerned with social 

relationships, values, or other assets (Maiese, 2022; Mojica, 2021). Thus, the influence of the social sphere is not 

confined to how we use specific technologies (Coeckelbergh, 2018; de Boer, 2023) but also pertains to decision-

making if one feels the urgency to use them (Döbler & Carbon, 2024). This was briefly discussed for ideological 

dogmata in neoliberalism and capitalism (Döbler & Carbon, 2024) and will be elaborated in Section 7.4.1. 

In summary, adaptivity is about preventing maladaptive, not-necessarily existentially threatening states (Di 

Paolo, 2005; Maiese, 2022) by operating with the projected effectiveness of actions and realizing an organism’s 

behavioral repertoire (Di Paolo, 2015). Humans must adapt to maintain their state as living organisms (Di Paolo, 

2005) and the socio-material systems they organize (Maiese, 2022). Agentic capabilities are inextricably linked to 

this endeavor (Virenque & Mossio, 2024), so that the entanglement of human agency and technology (Ihde, 1990) 

manifested into the technological adaptation of ourselves, i.e., Human Enhancement. The partial disentanglement 

from organismic concerns renders the question of what counts as objectively “effective” adaptation and how we 

should achieve it partially dependent on subjective judgments (Di Paolo, 2005). Residing in the tension between 

 
21 Only if not “uploading” human consciousness to a computer (see Hauskeller, 2013), 
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unconscious organismic processes and conscious planning, the ability for contingent cause-and-effect attribution 

creates the possibility for technologies to be seen as adaptive, even if the effectiveness of the technology is 

questioned, but also the potential misattribution of the latter as effective (Döbler & Carbon, 2024). In short, 

adapting ourselves in the context of Human Enhancement describes not only the location of intervention but also 

the exercised activity of creating or maintaining a valued state by technologically supported engagement with the 

normative socio-material environment. 

4.8. Molding the self  

What necessitates this activity? One simple answer: care. First, we care about the different layers of adopted self-

understandings in many ways (Neisser, 1988). Second, adaptivity is required due to the endangered and cared-for 

future of the organism (Di Paolo, 2005). Here, Clark (2003) countered the prevalent view of an essential self by 

championing what he calls “‘soft-self’” (p. 138). He understands our self as an assembled protagonistic psychological 

structure, informed by cultural, technological, and physiological input, which is constantly reminded of itself by 

the exercise of bodily action. Clark then elaborates on the malleability and resilience of this concept and its 

potential to integrate profound technological alterations of related capabilities into our individual and cultural 

self-understanding. From his perspective, no formerly external, now internal technology can posthumanizingly 

disrupt our identity (Clark, 2003). Concurring with Clark’s soft-self and the importance of our abilities for our 

self-understanding, we simultaneously acknowledged that evaluation, whether the latter were significantly 

enhanced, is tied to dynamic and aggregated base levels, influenced by previous enhancements (Cassioli & Balconi, 

2022). Hence, we argued that even if conducted widespread and regularly, Human Enhancement is not as 

automatically identity-threatening as adversaries suggest (Döbler & Carbon, 2024). This conclusion was also built 

on the postphenomenological premise of technological-experience-mediation, including the ones we have of 

ourselves (Rosenberger & Verbeek, 2015). Yet, as elaborated in Section 11, this may apply to the past but not 

necessarily the future. Nonetheless, even if not dissolving our sense of being human, Human Enhancement can 

deeply impact how we see ourselves and other social agents (Döbler & Carbon, 2024).  

Crucially, the enhancement’s impact on ourselves manifests partially independent of direct accessibility. A 

conscious agent is not required to immediately experience the physiological and cognitive processes that give rise 

to their consciousness (Clark, 2019). Even if individual histories yield differences in the appeal of behavioral options 

(Dings, 2021), humans can consciously influence the degree to which their behavior is more or less steered by 

environmental features (Dings, 2018). Elicited bodily responses then inform us about the meaning of our 
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perceptions and actions (Clark, 2019) and may appear in the form of directly experienced phenomenological states 

(Dings, 2018). We employed this line of reasoning to showcase how conscious technological alteration of ourselves 

as an established practice can deeply intersect with our basic cognitive processes while also presenting itself as a 

viable solution to cope with demands (Döbler & Carbon, 2024). The technological adaptations of ourselves we 

employ so “mindlessly” can still profoundly impact how we make sense of our existence. Respective results may 

modulate the appeal of further adaptations. Thus, by becoming deeply integrated into our competent engagement 

with the world, external technologies substantially influence what constitutes the consciously available social and 

agentic layer of our self, even without us being aware of this direct influence (Clark, 2003). Experiencing the 

changed capacities in action, we inform ourselves about what we, as conscious beings, are capable of (Clark, 2003).  

Far from being an abstract consideration, close interaction with external means can evoke sustaining structural 

changes within the brain and body (Thompson & Stapleton, 2009). Apart from the classic examples like tools, as 

also discussed by Clark (see also Iriki & Taoka, 2012; Quallo et al., 2009; Yoo et al., 2013), this includes 

neurophysiological changes due to the use of cognitive enhancement drugs (Becker et al., 2022), or, more trivially, 

potential cellular alterations due to genetic engineering (Xiao et al., 2021). In terms of the conscious self, there 

are situational and individual parameters that render the appeal of enhancement drugs more tempting so that 

they appear more (non-)suitable for me (e.g., Elliott, 2011; Fernandez et al., 2022; Mann, 2023). If used, the chance 

for capability improvement has an idiosyncratic component directly related to the drug’s features (Husain & 

Mehta, 2011). But this physiological understanding of myself does not inevitably map to the culturally shared 

ways we approach ourselves. Hence, in Döbler and Carbon (2024), we pointed out how the transformative effect 

of the old and new enhancements may be negotiated through available established or emerging narrative strategies, 

which can constrict the potential of radical changes within one’s identity (Iftode et al., 2024). Being the product 

of a network of producing and distributing socio-material processes, alterations by Human Enhancement should 

be interpreted in terms of so-called “metaplasticity.” Malafouris (2013) uses this term to acknowledge how socio-

cultural practices and their specific ways of engagement with the material environment mediate individual neuronal 

changes in our cognitive organization. Metaplasticity showcases how any adaptation, either of the environment or 

ourselves, indirectly influences the other components that were not the direct target of alteration (Gallagher, 2017) 

and highlights how a tool-use enabling ecological niche is solidified and iteratively expanded (Iriki & Taoka, 2012). 

Thus, my technologically mediated conduct always relates to what enabled its realization. The extent to which 
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technological adaptation of ourselves is seen as an appropriate solution depends on our physiological and cognitive 

condition, relation to the world, and Human Enhancement as an established practice (Döbler & Bartnik, 2022).  

In summary, profound technological transformation concerning the capacities I consider to belong to myself is 

Human Enhancement’s key selling point. Here, any technological adaptation can impact ourselves in various ways: 

our level of organismic integrity, neuronal mapping, genotype, and the narratives we weave around these features 

(Döbler & Carbon, 2024). This contributes to the general dynamics of our being but also leads to recognizing the 

critical role of ourselves as valued asset (Coeckelbergh, 2013; Döbler & Carbon, 2024; Neisser, 1988) — A position 

transcending the individual self, up to the point where advocates or adversaries care about the potential impact 

of Human Enhancement on ourselves as humans (e.g., Agar, 2010; Bostrom, 2013b; cf. Hauskeller, 2013; cf. Pugh 

et al., 2016). Hence, what is beneficial at one level is not necessarily deemed effective on the other and may even 

be seen as a serious threat to ourselves in both understandings.  

4.9. An ethical leap  

Like all functional approaches (see Gyngell & Selgelid, 2016), our conceptualization did not strictly differentiate 

between treatment and enhancement but stated that therapeutic inventions qualify as either Human Enhancement 

or closely associated conducts (Döbler & Carbon, 2024). We argued in such a way because therapeutic practices 

are meant to change the organismic state of the individual for the better and may do so using embodied 

technologies. In agreement with Gyngell and Selgelid’s (2016) understanding, we cited arguments on the evident 

difficulties to identify an individual and universally applicable “healthy” state of reference whose restoration would 

constitute a treatment (e.g., Bostrom & Roache, 2008; Menuz et al., 2013). Seen that way, it becomes clear how 

the thresholds that gear how we exercise our adaptivity can be physiological and social (Di Paolo, 2005). Even 

though the meaning of therapeutical technological adaptations is linked to social categories like health and disease, 

they are still an adaptation of ourselves.  

To make the thoughts proposed in Döbler and Carbon (2024) eligible for ethical purposes, we oriented ourselves 

to the work of Verbeek and his claim that moral agency can be understood as constituted within the relationship 

between artifacts and human users (Verbeek, 2011, 2014). This highlights the need to include contemplation on 

the action and perception mediating influence of technology within any ethical inquiry concerning the latter 

(Verbeek, 2011). Crucial to this type of inquiry is a comprehensive picture that captures all types of transformation, 

whether subtle, radical, or just imagined (Döbler & Carbon, 2024). Seeing Human Enhancement as the adaptation 

of ourselves underlines Verbeek’s (2011, 2014) arguments that even though moral agency is a shared quality that 
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softens traditional lines between material things and humans, taking over and acting morally responsibly requires 

us to understand how technologies mediate our agency in the most profound ways (Döbler & Carbon, 2024). 

Following Verbeek, we can assess how enhancements impacted the relevant conduct of the agent whose social 

situatedness allows direct praise and punishment by others. This is the consequential application of the idea “that 

one’s moral actions and decisions are technologically mediated without giving up the possibility to take 

responsibility for these actions and decisions” (Verbeek, 2014, p. 85). If the existence of humans as morally relevant 

and capable subjects also results from technological mediation (Verbeek, 2011), then adaptation of ourselves 

highlights how we must bear the consequences for our behavior because their cause is attributed to us as enhanced 

and acting beings. Either the effects of the enhancement are mixed with our abilities so that we are seen as 

responsible for an outcome, or moral reservations shift evaluation so that we are held responsible for using illicit 

means that fundamentally affect our abilities (Mihailov et al., 2021). 

4.10. Conclusion 

The omnipresence and relative size of environmental manipulations like roads or dams should not distract us from 

the fact that adapting ourselves instead of the environment is an integral and historical part of our species’ 

contingent cultural and technological development (Döbler & Carbon, 2024). If we then affirm that technological 

interventions and tools of all kinds can exert a significant and lasting influence upon ourselves as individuals and 

humanity in general (Clark, 2003; Coeckelbergh, 2013; Sharon, 2014), Human Enhancement identifies us as Homo 

faber (Döbler & Carbon, 2024) — an understanding that emphasizes the reciprocal transformative relationship 

between material objects and their producing humans (Ihde & Malafouris, 2019). 

Nonetheless, specific enhancements can be controversial. Here, the availability of the technology alone forces 

us to make critical choices about which role we want to concede to embodied technologies (Ihde, 1990; Verbeek, 

2005). Interested in addressing this issue, we should be attentive to the convincing role of individual beliefs, 

imagined effects, and valued states of ourselves — variables that heavily invest in the technological manifestation 

of our general adaptivity. Yet, we should not forget that adaptation of ourselves may also be an existential question 

whose conditions for success transcend subjective evolution and reservations. Having proven its contextual 

effectiveness, Human Enhancement is something we have done, do, and are very likely to keep doing. In that sense, 

Human Enhancement denotes the strategic exploitation of the material environment in a way that not only aims 

to improve a specific condition but also entails the possibility of changing the relationships that have brought 

forward the behavior in the first place (Döbler & Carbon, 2024). By fostering effective engagement with a 



HUMAN ENHANCEMENT FROM DAWN TILL DUSK   46 

 

demanding world while also mediating our experience, Human Enhancement can subtly or openly shape what it 

means to be ourselves as individuals and ourselves as humans (Döbler & Carbon, 2024). The question, relentlessly 

discussed by advocates and adversaries, is now whether this may ever bring the seemingly self-evident experience 

of being human – a particular relationship to ourselves – to an end.  

4.11. Intermezzo  

The preceding discussion is my theoretical inquiry into Human Enhancement. While I gave and will give concrete 

examples, my discussion of this phenomenon is often abstract. Different enhancements vary in ethical and practical 

impact (Döbler & Carbon, 2024). Yet, within the ethical assessment of technology, we should not create redundant 

and overly specific frameworks but situate a technological phenomenon as precisely as possible within existing 

approaches (Sætra & Danaher, 2022). If linking ethical and functional aspects, the endeavor spans multiple 

technologies and becomes increasingly abstract, but still relates to the general concept of Human Enhancement.  

Although work upon my definition partially overlapped with the publications that build the corpus of this 

publication-based dissertation (Sections 6, 7, and 9), the following thoughts and propositions should be read as 

directly building upon the discussed core of Human Enhancement as using embodied technologies to adapt 

ourselves instead of the environment to achieve tangible improvement. The three publications will examine 

controversial examples of this practice from different perspectives. The first highlights adapting to an environment 

entailing a biological threat to our physical health (Döbler & Carbon, 2023), while the second and third emphasize 

how the environmental aspects to which we seek to adapt can also reside in the social realm (Döbler et al., 2024; 

Döbler & Carbon, 2025). The third paper will also examine adapting the environment by adapting ourselves.  

These publications directly result from external contingencies that created research opportunities to apply my 

theory within concrete scenarios. Due to their empirical and more practical nature, elaborating on my theoretical 

thoughts on the possibility of the posthuman was partially neglected. Still committed to what is considered one of 

the most important aspects of the Human Enhancement debate, the following sections will not only consist of a 

reflection on my published work but will also apply these thoughts to those questions that have fallen short.  

5. What is the purpose of the Human?  

The fact that it concerns a human is inherent to Human Enhancement and contributes to its controversies (Döbler 

& Carbon, 2024). This is also because the overall debate may question traditional understandings of the term 

(Sharon, 2014), but also due to the declared goal of positively and universally impacting our conditio humana by 
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single interventions (Hauskeller, 2013). But what is the purpose of using a concept like human or human nature? 

Of giving it so much leverage, not only in the Human Enhancement debate but also in our everyday interactions? 

One answer might be that conceptualizations of ourselves as a species and our alleged nature are needed “not in 

order to learn what we are, but in order to make sense of it” (Hauskeller, 2009, p. 109).22 This sense-making 

purpose is accompanied by a constant conceptual adaptation of the term’s meaning in different contexts 

(Hauskeller, 2016). Examining how different understandings of ourselves are produced, disseminated, enacted, and 

changed by our technological activity can elucidate whether Human Enhancement can yield the irretrievable loss 

of whatever makes us human. 

5.1. Making sense of who we are 

Humans are segregated from their environment, yet in perpetual engagement with its features (Coeckelbergh, 

2013). As living beings vulnerable to various conditions and demands, we must exercise our agentic capacities to 

adaptively negotiate our relationship with the other agents and the environment (Virenque & Mossio, 2024). Key 

to doing so is the aforementioned organismic sense-making, i.e., the “automatic” labeling and valuing of incoming 

sensomotoric information created by interacting with the external environment (Thompson & Stapleton, 2009). 

For humans, this rather biological approach is enriched by what Coeckelbergh (2013) calls “existential vulnerability” 

(p. 2): the fact that various environmental contingencies potentially endanger all sorts of valued physiological, 

psychological, and socio-material assets. According to Coeckelbergh, this emerges from the fundamental relatedness 

of our conscious sense-making so that the respective vulnerabilities stem from a particular relationship we have 

formed with the world. Since we are required to make distinctions and arrange information hierarchically, this 

condition seems inevitable: “we are condemned to relate to others and to the world, and we are condemned to 

value” (Coeckelbergh, 2013, p. 130). This manifests in reflexively making sense of the world so that we choose the 

adequate actions and means for achieving projected goals (Bandura, 2006). However, apart from tasks like finding 

appropriate food sources, sense-making requires a conception of us as acting beings. Without a regulatory, 

autonomous point of reference, making sense of the world and engaging with the material environment in a way 

that maintains our structural integrity and allows for effective coordination of our behavior is impossible 

(Thompson & Stapleton, 2009). Moreover, the world we need to make sense of is populated by other agents and 

 
22 Hauskeller used his 2009 essay nearly unchanged as chapter 3 of his 2016 book, which deals with transhumanism’s 

mythological aspects and Human Enhancement. This section underscores his basic premise and revisits its central arguments 

using a wide range of empirical evidence. See also Fahrenberg (2003/2011). 
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their contingent behavior (Virenque & Mossio, 2024). Here, a repertoire of general, group- or species-related 

knowledge may be beneficial for understanding (Epley et al., 2007). We need to make sense of ourselves and the 

world to evaluate how actions impact what we value. This also pertains to an identity that transcends the 

individual and concerns the species concept with which we commonly identify (Hauskeller, 2009). In other words, 

we need to make sense of ourselves as individuals and as humans.  

5.2. Ecce homo! 

There are myriads of approaches to understanding the human condition (for overviews, see Fahrenberg, 2003/2011; 

Fernández-Armesto, 2004/2005). All these variations converge on the attempt to grasp the meta concept, to which 

we as individual agents relate, the properties that transcend the individual. The sheer number of approaches 

suggests an agreement on the existence and need for a comprehensive conceptualization of ourselves, but also a 

failure to reach a consensus about its precise content. Hauskeller (2013) emphasized that the meaning of “human” 

is contingent upon the contemporary understanding of those who adopt, share, and enact this label in the spirit 

of self-definition. In the sense proposed by Hauskeller, a specific conception is aimed at capturing central aspects 

of our existence and demark those not human and those who are “truly human” (Hauskeller, 2009, p. 103 original 

italics; see also Nolan & Branscombe, 2008).23 The symbolic separating function is similar to social identification 

strategies exploited by various species (Moffett, 2013). However, drawing such sharp and definitive lines is hard, 

if not impossible (Fernández-Armesto, 2004/2005; Hauskeller, 2009). Furthermore, while Fernández-Armesto 

(2004/2005) highlights the historical revisions of human identity, Praet (2014) argued that even now, identifying 

our peers as other humans may not be as common as it might seem. We shall not fall into the trap of viewing our 

self-understanding as sacrosanct because we appear so self-evident or well-known to us (Ihde, 1979; Praet, 2014). 

But could it really be that our species membership is “a temporary condition subject to revision, not an eternal 

and inevitable fate” (Fernández-Armesto, 2004/2005, p. 4)? Could it really be that our the blueprint we use to 

make sense of this fundamental part of our identity is changed by Human Enhancement (Buchanan, 2011)? Given 

the apparent controversies, a close examination of the Human may be appropriate.  

When I speak about the Human, it is meant to capture one particular self-understanding meant to convey what 

it means to be a “true” member of a group identified as human (see Fahrenberg, 2003/2011; Hauskeller, 2009; 

Praet, 2014). In German, this may be best described as having one specific “Menschenbild” (“image of the human”) 

 
23 Hauskeller discusses these terms as related to our human nature. However, his thoughts are equally applicable to 

understandings of ourselves that employ a less naturalness-clinging term.  
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(Fahrenberg, 2003/2011). However, this term does not sufficiently emphasize the immediate identification and 

phenomenological affirmation of being human. Approaches to the Human differ regarding the selection and value 

of the referenced identity-constituting features (Fahrenberg, 2003/2011; Hauskeller, 2009; Wilson, 2014; Wilson & 

Haslam, 2009). I call this a selection of semantics. The Human is seen as constituted by evaluating information 

obtained by conscious reflection about our being and the reflexive attempt to integrate semantic information from 

various sources, including everyday perception and pre-reflective engagement with the environment. These 

constructive mechanisms create explicit and implicit semantics, which differ regarding conscious accessibility 

(Fahrenberg, 2003/2011). Generally, these semantics denote any information about ourselves, but only a few are 

integrated into one conception of the Human. Those employed within one version of Human are intended to be 

exhaustive for the meaning and demarcation of our “true” being and, thus, not necessarily meant to capture every 

possible phenotypical variation (see Hauskeller, 2009). This gives approaches a structure in which semantics are 

arranged concerning their importance (Fahrenberg, 2003/2011). Since the sense-making process operates with the 

valuation of information (Thompson & Stapleton, 2009), the selectivity and hermeneutic function of related 

definitions are emphasized (Hauskeller, 2009). Valuation of semantics reflects the general valuation of ourselves as 

individual Human or ourselves as Humanity. From a developmental perspective, the Human also entails information 

about the process and potential to acquire or be attributed relevant semantics (see Praet, 2014; Wilson, 2014). 

Moreover, used semantics can also inform about conditions that entail losing one’s humanness (see N. Haslam, 

2006; Praet, 2014). 

Understood as part of our self-concept, or statement about ourselves, the Human is identificatory (Fahrenberg, 

2003/2011; Hauskeller, 2009, 2013). Here, the Human occupies a foundational role within the self (Nolan & 

Branscombe, 2008). If I identify with the former, my self, informed by all sorts of group memberships and identity-

relevant information, is always a “human self” (Nolan & Branscombe, 2008, p. 201). However, not identifying as 

Human does not inevitably dissolve my structural self (Hauskeller, 2013).24 Moreover, there are two inseparably 

connected levels of identification: one is the general identification with the concept itself (‘I am a human’), and 

the second is the more finetuned affirmation of a specific descriptive or explanatory approach, for instance, ‘this 

means that I have an immutable essence’ or ‘this is because I have DNA that is labeled human’ (see Fahrenberg, 

2003/2011; Hauskeller, 2009; Wilson & Haslam, 2012). Any self-identification as being human presupposes self-

 
24 Hauskeller seems to understand this as identification in principle or identification with narrative content. The self as a 

psychological structure is not tied to being human, yet if considering myself as not human anymore, I have undergone a 

narrative change (see Wilson, 2014) 
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recognition, an ability that for children of our species is reliably present at around 24 months of age (Rochat et 

al., 2012). Indicating a basic understanding of being human, children aged 6 to 9 largely denied the possibility of 

overtaking the identity of pet animals (Guardo & Bohan, 1971). In the same study, older children were more likely 

to justify their statements with direct reference to features of a generalized human identity, e.g., being able to 

speak. Any individual that is identified and identifies under one of these conceptualizations can be considered a 

human (see Hauskeller, 2013). The former aspects highlight how applying Human semantics to other individuals 

is possible, even if they do not share them. If concluding that being human is constituted by having specific DNA, 

this approach extends to other beings, even if they do not know about the existence of DNA.  

The Human is a special case of identifying with what Sani et al. (2008) called “perceived collective continuity” 

(p. 160). Usually applied along the boundaries of religion, ethnicity, or nationality, Sani et al. (2008) use this term 

to describe that people view particular social groups with changing members as time-persisting. Here, the label 

“human” maximizes the magnitude of individuals eligible for group membership (Nolan & Branscombe, 2008).25 

According to Sani et al., any perceived group-continuity is twofold and consists of what they call “perceived 

historical continuity” (p. 161, original italics), whose aspects are conserved in a meaningful narrative that causally 

and coherently stitches the group’s past and future together. The other aspect is the so-called “perceived cultural 

continuity” (p. 160, original italics), i.e., the perception that one’s in-group is characterized by “deep, essential 

contents (traits, inclinations, beliefs, values, and so forth) that are relatively unchanging” (Sani et al., 2008, p. 

165). The individual “self-continuity” (personal integrity as the same being over time) is characterized by similar 

dimensions (Sani et al., 2008). This personal level refers to what is commonly called “narrative identity,” i.e., a 

coherently and meaningfully crafted structure that links personally made and socially conveyed valued experiences, 

norms, and beliefs (McAdams, 2001; McAdams & McLean, 2013; Wilson, 2014). Since this psychological structure 

ensures the individual continuity of chosen aspects as part of ourselves, its processes are critical for assessing 

whether enhancements can yield a continuity-breaking loss of identity (Wilson, 2014). Noteworthy, affirming, and 

conjoining individual and collective continuities are associated with favorable mental and physical health measures 

(Fivush et al., 2008; Sani et al., 2008; Sedikides et al., 2023). This emphasizes the double connotation of ourselves 

as individuals and ourselves as humans (see Pugh et al., 2016) and the benefits that stem from adopting this 

identity.  

 
25 Nolan and Branscombe discuss to which extent member-restricted social identities can influence the adoption of the “human 

self” (p. 201). Doing so, they seem to imply, but not explicitly make the case for the human self as form of a perceived collective 

continuity. Instead, they seem to take identification with the human self as given, yet possibly modulated in importance. 
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Individual self-continuity requires a reliable autobiographical memory that links past information as belonging 

or experienced by the same agent (Agar, 2014; Sedikides et al., 2023). Concerning collective continuity, the same 

information-preserving function can manifest in family-related transgenerational narratives, which allow for the 

effective integration and sense-making of one’s own experiences (Fivush et al., 2008). This effect inspired a recent 

investigation into the impact of having migrant parents. Participants made sense of their individual and family 

stories by linking them to general narratives of collectively shared historical immigration experiences (Haraldsson 

& McLean, 2022). Similar strategies were also observed in the American LGBTQ+ community (Weststrate, 2021). 

Identifying with the previously mentioned historical continuity is vital for propagating that contemporary actions 

will benefit future group members (Reicher, 2008). Research on self-continuity and constituting mechanisms was 

pointed out to be important for the Human Enhancement debate, where adversaries and advocates deem the 

continuity of individuals (Agar, 2014; DeGrazia, 2005; Wilson, 2014) or humanity as a whole (Agar, 2014; cf. 

Buchanan, 2011; cf. Pugh et al., 2016) is seen at stake.  

Linked to the sense-making function, different conceptualizations of the Human function as prescriptions, or 

“miniature utopias,” meant to fixate “what it means to be a good human” and therefore enact a “mythological” 

function to steer our lives into a desired direction (Hauskeller, 2009, pp. 105/106, original italics).26 Employed in 

the Human Enhancement debate, this entails the open call to enhance ourselves to ensure ‘true humanness’ 

(Hauskeller, 2013, 2016). The normative functionality of the Human also becomes evident in the anthropological 

studies of Praet (2014). Praet introduces the notion of a “restricted” yet conceptually “open” understanding of what 

he calls “Humanity” (2014, p. 21).27 Contrary to the classical Western idea of humanity (lowercase h), where 

someone ‘effortlessly’ becomes a member at birth, Praet argues that being a member of Humanity requires 

individuals to “keep in shape” (2014, p. 24, original italics). According to Praet, Humanity means that individuals 

only identify the members of their cultural group as Human. Praet shows that many indigenous cultures conflate 

community membership with being a “true” human. In some of these communities, even newborns are subjected 

to the normative expectations of Humanity and are not considered fully human until able to meet them. Hence, 

membership in Humanity is not tied to visual similarity or biological kinship but to following a particular way of 

living. Praet focuses on the Chachi people, residents of modern Ecuador. Within this community, members of the 

 
26 E.g., the definition of national identity as a historically enduring (Reicher, 2008). See also Fernández-Armesto (2004/2005) 
27 For terminological consistency and to highlight the individual human as the target for Human Enhancement, I use Human 

and capitalize it similarly to Praet (2014) to underline the conceptual nature of this term. He also uses Human for members of 

Humanity. 
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species Homo sapiens are only considered to be Chachi (literally translated as “true humans”) if they speak their 

language, adhere to the local ways of living, moral norms, and show skillful behavior. Individuals who fail to meet 

these demands are seen as non-Humans and are sometimes described with appalling qualities that are the opposite 

of how Chachi live (e.g., Chachi are peace-minded, non-Chachi are belligerent, Chachi do not eat human flesh, 

non-Chachi do). Although prima facie highly exclusive, Praet shows that across communities, outsiders following 

the respective ways of living can be integrated and qualify as proper human beings (cf. Gil‐White, 2001). Praet 

summarizes: “Humanity is never guaranteed but has to be achieved perpetually; it is forever in the making” (2014, 

p. 27). 

We should not ridicule Praet’s ethnographic evidence as local phenomena of “primitive” tribes. Historically, 

European cultures have also employed a semi-permeable practice-based understanding of humanness (Fernández-

Armesto, 2004/2005). Moreover, recent empirical evidence within a Western context has shown that the ascription 

of being a “true” human is contingent on whether the evaluated being enacts values and behaviors indicative of 

this group (Phillips, 2022, 2023). Phillips (2022) showed that although explicitly framed as Homo sapiens, people 

who drastically violate social norms are seen as less “true” human compared to those displaying morally benevolent 

behavior. Additional findings suggest that it is not only moral conduct but also emotional abilities that qualify 

the ascription of this category. The same study also found that participants’ understanding of “true” humanness 

extends to biologically non-human beings. Hypothetical extraterrestrials who exercise morally desired behavior 

were seen as being “truer” humans than Homo sapiens who violated moral norms. Phillips (2023) also revealed 

that morally flawed individuals were rated as “truer” humans than “ideal” humans who were “morally infallible” (p. 

2). However, instead of excusing bad conduct, moral imperfection had to be qualified. In the same publication, 

participants rated individuals presented as having an “evil” character as less “true” human and less favorable than 

those beings described as morally flawless or morally flawed but dedicated to acting as right as possible. In the 

same study, people were more prone to hypothetically harm social groups whose members count neither as “ideal” 

nor “true” humans. The effects on favorable fallibility are mirrored by the finding that if confronted with alleged 

personality shortcomings of their in-group compared to their out-group, participants were more likely to rate flaws 

as indicative of human nature and thus justified as ‘just being human’ (Koval et al., 2012). These results support 

the idea of Hauskeller (2009) that aspects of the Human can transcend biology and are linked to specific normative 

conduct and the identification of the veracity of human identity. 



HUMAN ENHANCEMENT FROM DAWN TILL DUSK   53 

 

Apart from the guiding aspects of specific conceptualizations, the fundamental normativity of the Human is 

strikingly evident, considering that the rare self-identification of persons as animals (often wolves) is treated as a 

clinical phenomenon called “Lycanthropy” (Connors et al., 2014).28 While there is some accepted disagreement 

about which semantics identify the Human, not accepting the basic premise of being human may justify the 

involuntary commitment to a mental health facility. However, suppose that those beings that the Chachi do not 

consider part of their group affirm this categorization. In this case, mental pathology may be ascribed from a 

psychiatric point of view, but not from the perspective of the Chachi. This highlights how humanness is an 

individual and intersubjective culturally influenced identity (Bastian & Crimston, 2014; Fahrenberg, 2003/2011). 

For other authors or laypersons, the Human may appear synonymous with the term human nature, potentially 

understood as a collection of commonly shared “natural” or biological traits that draw a line between us and 

animals (Buchanan, 2011; Fernández-Armesto, 2004/2005; for a conceptual introduction, see Lewens, 2012). Yet, 

by emphasizing the “natural” aspect, proponents of this concept not only introduce a steady element but also imply 

a boundary between what is considered natural and cultural (Coeckelbergh, 2013). Hence, in his analysis of human 

vulnerability, Coeckelbergh (2013) favored human being instead. According to him, the latter is more open to 

include the perpetual existential sociocultural influences exercised by technology, including Human Enhancement. 

He further argues that analyzing our human being is less concerned with a particular essence (‘What are we?’) 

but focuses on the mode of being (‘How are we?’). Like other authors (e.g., Clark, 2003; Fernández-Armesto, 

2004/2005; Hauskeller, 2009, 2016), Coeckelbergh therefore underscores the dynamicity of our being. I have used 

and will use my notion of the Humans in a way meant to include any other account of human nature, regardless 

of its specific content. When authors speak about human nature in whatever way, they simply evoke a specific 

version of the Human under the logic employed here. My point is not to detach humans from nature or resolve 

any boundaries. One can still understand the Human in purely nature-based categories. Yet, concurring with 

Hauskeller (2009), I emphasize that understanding ourselves does not occur within a mythical garden where every 

relation is fixed but is constantly negotiated and re-interpreted. By understanding the Human as being interwoven 

with our activity rather than an immovable essentialistic starting point that determines our activity, the how links 

to the what (see Ihde, 1979; Stetsenko & Arievitch, 2004).  

In general, the Human is open in the sense that we can form a notion about it. Closed as it functions as an 

excluding concept, but also incomplete and malleable because we can always attempt to discover novel aspects, 

 
28 I owe this argument to Thomas Kollmann. 
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which may necessitate a revision of previous positions and re-drawing of demarcation lines. Openness can also be 

understood in terms of becoming human, i.e., that individuals can earn access to this group by correctly exercising 

the qualifying behavior (Praet, 2014). This suggests a performative understanding of the Human, which may vary 

across conceptualizations. Historically, this manifests in the assertion that those deemed “uncivilized” could become 

human, but those who reject the necessary rules of society are more akin to wild animals (Fernández-Armesto, 

2004/2005). This contingency highlights the idea of Hauskeller (2009) that when contemplating what we are, we 

should not search for a definitive answer but highlight how related notions of the Human are produced and 

eventually used. Here, the strategic re-evaluation of the Human-constituting semantics may be attractive because 

behavior and moral expectations are easily influenced by the affective appeal of this label (Hauskeller, 2009). This 

function requires flexibility but is potentially concealed by the rigidness semantics posited as “natural.”29 

5.3. The essentialistic Human 

In the Human Enhancement debate, the notion that humans possess some invaluable, “natural” essence (e.g., 

Fukuyama, 2004) threatened by technology is one pertinent version of the Human (Buchanan, 2009; Lewens, 2012; 

Sharon, 2014; Wilson & Haslam, 2009, 2012). Postulating such essence is a manifestation of so-called “psychological 

essentialism” (for reviews, see N. Haslam & Whelan, 2008; Neufeld, 2022; Rothbart & Taylor, 1992). This means 

that being human is linked to an assumed presence of an ‘immutable,’ ‘persisting,’ ‘inherent,’ ‘natural,’ and 

‘behavior and personality-determining’ essence that clearly defines (non-)belonging to this category (N. Haslam, 

2006; N. Haslam et al., 2005; Smith, 2016).30 Besides being applied to the Human, such essentialism shapes our 

understanding of gender, race, and personality (N. Haslam & Whelan, 2008; Neufeld, 2022). Such framing of 

biological entities harbors moral prescriptions (Lewens, 2012), even if the exact characteristics of the assumed 

essence are secondary compared to its proposed existence (Neufeld, 2022; Smith, 2016). 

Nonetheless, psychological research examined which characteristics humans see as indicative of their alleged 

essence. Results by Haslam et al. (2005) investigated perceptions of humanness and found a two-dimensional 

understanding. Haslam summarizes these and other findings as follows: One dimension is referred to as “human 

nature (HN)” and the other “Uniquely Human (UH)” (2006, p. 256). The human nature dimension is meant to 

reflect essentialistic traits rooted in our biological history (Wilson, 2014). Human nature consists of communal 

 
29 For a somewhat similar diagnosis of gender display, see Butler (1988) 
30 According to Neufeld (2022, p. 3), the following features describe any assumed essence: “Natural kinds,” “Causal power and 

large inductive potential,” “Sharp category boundaries,” “Homogeneity,” “Immutability,” “Intrinsicality,” “Innate potential,” 

“Hidden and unobservable,” “Distinctness and sameness.” 
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traits like “Emotional responsiveness,” “Interpersonal warmth,” but also “Individuality” or “Cognitive openness,” 

while the less essentialized, uniquely human traits are those who allegedly separate us from animals, e.g., “Civility,” 

“Moral sensibility,” or “Rationality” (N. Haslam, 2006, p. 257). Note how translating our sense of morality into 

proper conduct is also linked to qualifying as “true” human (Phillips, 2022, 2023). Coherent with the proposed 

sense-making and norm-conveying functions (Hauskeller, 2009), the perception of whether personality traits and 

values are part of human nature correlated positively with their desirability (N. Haslam et al., 2005). Moreover, 

behaviors deemed indicative of the same concept were considered generally positive (Wilson & Haslam, 2013). 

Seeing personality traits as pivotal to an essentialistic human nature was positively associated with the belief that 

these traits influence a person’s behavior in various contexts and are thus deemed important for making inductive 

conclusions (N. Haslam et al., 2005). As argued before (Wilson, 2014; Wilson & Haslam, 2009, 2012), Haslam’s 

two dimensions, including the cited empirical foundation and related psychological mechanisms, are highly relevant 

to the employed notions of humanness in the Human Enhancement debate. Here, Wilson and Haslam (2009, 2012) 

and Wilson (2014) suggested that advocates of Human Enhancement operate with an anti-essentialistic, UH-

feature-based understanding of the Human. Wilson and Haslam argue that from this perspective, manipulation of 

related traits would have no identity-disrupting consequences. Adversaries (e.g., Fukuyama, 2004; Kass, 2003) 

tend to employ a more essentialist understanding that should not be reduced to an additive collection of traits 

but resembles what laypersons understand as being indicative of human nature (Wilson & Haslam, 2012). For 

them, interfering with these essential traits endangers our prolonged existence as human beings by inflicting 

significant harm to the constituting continuity (Wilson, 2014). I will repeatedly cycle back to Wilson’s and 

Haslam’s contextualization of this model and empirical findings, especially on the traits allegedly associated with 

human nature. I call approaches that employ this version in particular and those who generally propose a valuable 

human essence the essentialistic Human.  

I do not propose to uncritically adopt this understanding of human nature (for a critical discussion of Haslam’s 

approach, see Over, 2021; Smith, 2014), nor suggest that everybody who draws upon essentialistic arguments 

proposes similar implications or assumes the same associated traits. Moreover, it is also possible to consider the 

traits described by Haslam as indicative of humanness without adhering to an essentialistic argumentation. 

However, the empirical foundation and humanness as an everyday, intersubjective phenomenon render the 

proposed ‘folk-based’ perspective important because respective understandings can discursively shape the 

evaluation of Human Enhancement (Wilson, 2014; Wilson & Haslam, 2009, 2012). If framing novel enhancements 
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as targeted, scientific, and value-based informed interference with the biological platform of our experiences 

(Buchanan, 2011), the HN-traits and their assumed biological roots gain additional importance for understanding 

the position of the adversaries and advocates (Wilson, 2014; Wilson & Haslam, 2009, 2012). Haslam’s approach is 

not perfect. Yet, it allows us to link the Human Enhancement debate to a tradition of psychological research on 

the ascription of humanness (Wilson, 2014; Wilson & Haslam, 2009, 2012).  

It was argued that social norm sensitivity evolutionarily inclined humans to view other cultural groups as 

essentialistic different, e.g., different biological species (Gil‐White, 2001).31 This static, kinship-focused view 

counteracts Praet (2014) and his observation that for some groups, like the Chachi, concepts like an essentialistic 

biological human nature or hereditary humaneness do not exist. Nonetheless, the communities described by Praet 

may operate not with a biologically grounded essentialism but use what has been called “value-based essentialism” 

(see Bailey et al., 2021, p. 1997). This proposition assumes that group membership is issued by following a specific 

set of values (Bailey et al., 2021) and may explain his observations that external agents may become part of the 

community and thus become “true humans,” even though they were not born into it (cf. Gil‐White, 2001). Thus, 

the evidence by Praet (2014) supports the proposed cultural dependencies in essentialistic thinking (Machery et 

al., 2023; Olivola & Machery, 2014; cf. Neufeld, 2022), and impressively shows the transcultural contingency of 

ascribed “true” human identity. Phillips’s (2022, 2023) results suggest that this also applies to non-Indigenous 

communities, while the two-dimensional model of Haslam (2006) offers a basic understanding of how people 

understand and evaluate an alleged human essence. Even if understandings have been changing (Fernández-

Armesto, 2004/2005), psychologically affirming the essentialistic Human has proven its pertinence to ourselves. 

But if our identity as humans really reflects more of a convenient simplification than empirical reality (Fernández-

Armesto, 2004/2005), can the defining aspect of ourselves be stripped away from us?  

5.4. Denying and valuing the essentialistic Human  

Approaches to the Human are also meant to bring forward a normative and metaphysical perspective that satisfies 

the affective bycatch of how we use the label “human” (Hauskeller, 2009). Indeed, appeals to universalism grounded 

in a valuable essence (e.g., Fukuyama, 2004) invoke the notion that there is something more to humans than 

neurons, limbs, and cells. In variation, these essentialistic arguments are often evoked by adversaries (Sharon, 

 
31 As pointed out by Tim Ingold in a comment in the same article, Gil-White’s (2001) arguments draw upon the same biological 

essentialism that it identifies as fundamentally flawed yet pragmatically used. Despite all justified criticism, I still think that 

we can pragmatically state that people draw upon essentialistic understandings of groups while postponing the question of 

whether this is evolutionarily necessitated. 
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2014) but are also sometimes employed by advocates (Hauskeller, 2016). Here, Buchanan (2009) criticized 

essentialistic reasoning, like the one by the President’s Council on Bioethics (2003), due to the conflation of 

normativity and description and dehumanizing implications. Indeed, Haslam pointed out that those who lack traits 

associated with human nature could be considered not identifiable as human (N. Haslam, 2006). Yet, Smith (2014) 

criticized Haslam’s reasoning for falsely treating the traits as constituting the essence instead of being caused by 

it. Smith further argues that by posing human nature traits as potentially overlapping with other lifeforms, Haslam 

describes anything but a distinctly human essence. Regardless of the logical flaws, Haslam pointed out how his 

conceptualization helps to understand how the arguments of laypeople and scholars in the Human Enhancement 

debate are informed under an explicit folk psychological understanding of what constitutes our human identity 

(Wilson & Haslam, 2009, 2012). Important is not the question of whether a human essence exists but the 

observation that people affirm that traits are indicative of the latter and use them as justification for their 

judgments (e.g., Bain et al., 2006; N. Haslam et al., 2005; Wilson & Haslam, 2013). Following this thought, 

revisiting the content of human identity can be informed or triggered by academic inquiry (Fernández-Armesto, 

2004/2005) but ultimately depends upon the adoption of those individuals who operate with this identity 

(Hauskeller, 2009). By behaving as if this concept was genuine and as if modification of the essence meddles with 

the derived humanness, associated beliefs guide public attitudes in the Human Enhancement debate (Wilson & 

Haslam, 2009, 2012). Moreover, as I will argue later, this as if is relevant not only to the discourse but also to our 

adopted identity as humans. The fact that people value the essentialistic Human is reason enough to pay close 

attention to its influence. As partially noted by Smith (2016) himself, ascribing and identifying entities as (non-

)human is a phenomenon that, like so many others, operates not on principles of strict logic and perfect rationality. 

This is also shown within a small, yet decisive logical inconsistency that characterizes essentialistic humanness 

in the debate about Human Enhancement. According to Wilson and Haslam (2009, p. 256), adversaries of Human 

Enhancement justify their opposition by arguing that it endangers a “fixed” and “immutable” essence universally 

shared by all humans. Nonetheless, the obtruding question is how an immutable entity is to be changed in the first 

place (Buchanan, 2009). Even if theoretical accounts on psychological essentialism install “immutability” as a key 

aspect (e.g., N. Haslam & Whelan, 2008; Neufeld, 2022; Prentice & Miller, 2007), empirical results showed that 

rating personality traits and values as indicative of an essential human nature did not correlate with the perceived 

immutability of the same traits (N. Haslam et al., 2005). Moreover, although people think that characteristics of 

a person’s assumed “true” self are temporally immutable, i.e., prolonged in the distant future, viewing distinct 
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personality traits as immutable in the literal sense was only weakly associated with rating them indicative of a 

true self (Christy et al., 2019). The same study showed that “true” self-ratings were best predicted by the extent 

the trait was seen as intrinsic and behavior-influencing. Although laypersons showcase flexibility within their 

essentialistic thinking, this does not render this line of reasoning irrelevant.  

Smith (2016) acknowledges confusion also within a different phenomenon: when people are seen as having less 

pronounced qualities associated with being human, aka experience dehumanization. Haslam (2006) proposed two 

different kinds of this phenomenon, each based on one of his already-mentioned dimensions of humanness. First, 

the so-called “mechanistic dehumanization” (p. 259) denotes attributing less traits deemed indicative of an 

essentialistic human nature. This yields “robotic” beings characterized by “inertness” and “coldness” rather than 

“emotional responsiveness” and “interpersonal warmth” (p. 257). Secondly, humans evaluated as possessing fewer 

qualities linked to human uniqueness are seen as lacking reasoning abilities, culturally deprived, without a moral 

compass and are victims of what Haslam calls “animalistic dehumanization” (p. 259). Directly referencing this 

model and its empirical basis, it was argued that these processes can provide valuable insights for understanding 

how we talk about Human Enhancement and a potential posthuman (Grewal et al., 2020; Wilson, 2014; Wilson 

& Haslam, 2009, 2012).  

In an experimental investigation by Landry et al. (2022), participants were presented articles claiming the 

scientific discovery of a biological essence across ethnic groups or the rejection of the same claim. The study found 

that participants who read about the alleged scientific revelation of a genetic essence displayed more essentialistic 

thinking than those who read the counterclaim. The latter was positively associated with higher dehumanization 

and fully mediated the experimental manipulation’s effect. Mechanistic dehumanization can be linked to favoring 

aggression toward groups whose members are perceived to be hostile (Kteily et al., 2015) and can be triggered by 

information about others’ behavior and attitudes (Felig et al., 2024; Izydorczak & Dolinski, 2024) or descriptive 

framing of the target (Utych & Fowler, 2021). This renders the essentialistic Human contingent on behavior or 

external factors and undermines the notion of a universal and time-persisting human essence. The overall 

reluctance to use the essentialistic Human according to its inert logic reconciles this version with those non-

essentialistic understandings that link being human to showing proper conduct (see Praet, 2014). Accounts that 

propagate a more essentialistic Human still imply the performative and intersubjective approach described by 

Praet (2014). If tied to essentialized qualities like communality (N. Haslam, 2006), one cannot be a “good” human 

(Hauskeller, 2009) if not performing this semantic with other persons. Failing to meet the expectations of the 
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humanness ascribing person, attribution of traits linked to the respective essence can be withheld. This may be 

seen as if the person partially or absolutely lacks the valued essence as if they were not ‘sub-’ but “nonhuman” (N. 

Haslam, 2006, p. 259; cf. Over, 2021). 

Understanding the Human as group-demarking and normative (Hauskeller, 2009) explains why the essentialistic 

Human may be especially compelling. The dominant view of essences, including the human one, as biologically 

and evolutionary rooted (Neufeld, 2022; Wilson, 2014; Wilson & Haslam, 2009) may explain why adversaries are 

sometimes accused of equating the natural with the “good” (see Hauskeller, 2013). This reflects the moral and 

normative flavor of human nature, which — although exploited by both sides — is more dominant within 

arguments of the adversaries (Buchanan, 2011; Hauskeller, 2013, 2016; Pugh et al., 2016; Sharon, 2014). In 

addition, psychological essentialism leads to the emergence of decisive and clear bounds between categories 

(Neufeld, 2022; Rothbart & Taylor, 1992; Smith, 2014). Hence, an essentialistic understanding of the Human 

establishes the boundary between the ‘artificial non-human’ and “natural” human (Sharon, 2014).32 Committing 

to the subsequent ontological framework of biotechnology as an external threat (Sharon, 2014), Human 

Enhancement and an alleged human essence are dialectically interwoven. If Human Enhancement is posited as 

threatening the essentialistic Human, it is only through the ascribed dehumanizing potency that the alleged human 

essence is endangered, ought to be protected, and thus affirmed in its preciousness. Appeals to human dignity or 

a human essence become amplified if employed as counterarguments against possible technological interferences 

(Caulfield & Brownsword, 2006). The ascribed awe-inspiring capability and the prospect of changing human nature 

mystify its alleged power and reassure the value of the essentialistic Human.  

5.5. Making the Human  

I have argued that the semantics of the Human are contingent—that people across the globe, laypersons and 

scholars, employ different understandings of what it means to be human and what qualifies that label. In the 

following section, I will examine socio-material processes of how different semantics can be produced by and 

eventually socially affirmed.  

5.5.1. A sedimented making Human 

Engagement with the world directly informs our self-understanding. This is because organisms continuously enact 

a world whose valued properties relate to a history of forgone interactions with the environment (Di Paolo, 2005; 

 
32 Some transhumanists aim to dismantle this kind of anthropocentric division (Sorgner, 2020). Yet, the logic of technologically 

mastering an external nature draws upon the mentioned differentiation (Sharon, 2014) 
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Gerard & Maublanc, 2023; Thompson & Stapleton, 2009; Varela et al., 1991/1993). From everyday behavior to 

the level of conscious reflection, this historical engagement leads to what phenomenology understands as 

sedimentation: ”those past experiences settled in one’s mind which actively contextualize present experience. … [I]t 

actively informs our ongoing experience. Sedimentation provides the pre-perceptive context that enables our 

current perceptions to occur with immediate meaningfulness” (Rosenberger & Verbeek, 2015, p. 25). Consciously 

making sense in this context can be understood as drawing from a “figure/ground” relationship (García, 2021, p. 

5). Ihde (1990) draws on the same figure/ground metaphor to elucidate the relationship between his micro- and 

macroperception. Apart from this, sedimentation in postphenomenology means the culturally embedded 

“internalization of practical skills, of technical and cognitive competences linked to the repeated use of the object 

and its inscription in the daily life of the subject” (Robert-Demontrond, 2022, p. 105). In other words, past 

experiences with and without technology shape and enable future engagements with the world they took place in.  

If sense-making depends on organismic sensorimotor activity (Thompson & Stapleton, 2009), then the Human’s 

sense-making function depends on the activity of those who consider themselves to belong to this group and the 

particular sediment it has produced. Sociomaterially mediated individual engagement with the world realizes novel 

states that our cognitive apparatus must make sense of and subsequently interwinds culture, mind, and body 

(Malafouris, 2015). Since our activity is fundamentally embodied in self-produced technology (Ihde, 1990), any 

symbolic content and meaning of material culture is inextricably linked to the sensorimotor information flow that 

is circularly generated by our embodied and material activity and subsequent environmental manipulations 

(Malafouris, 2013; Monterroza-Rios & Gutiérrez-Aguilar, 2022). This highlights how conscious thought can also 

emerge from “thinging,” a term meant “to articulate and draw attention into the specific varieties of cognitive life 

instantiated in ‘actual occasions’ of thinking and feeling with, through, and about things” (Malafouris, 2019, p. 7, 

original italics). Prehistoric tool crafting, for instance, enabled agents to consciously reflect on their agentic 

capabilities so that the manufacturer’s phenomenological impression of such emerged from interacting with the 

stone (Malafouris, 2013). This echoes the position that the feed of somatosensory information caused by the agents’ 

activity can bring forth the conscious experience of the agent as the object for subjective self-inquiry (Newen, 

2018), and that becoming iteratively proficient in one’s action and linking it to an understanding of ourselves 

hinges upon experiencing and processing the effects we have on the socio-material world (Bandura, 2006). 

Malafouris (2013) suggests that different prehistoric material manipulation techniques can provide valuable 

hermeneutic insights into the human condition. Hence, he and Don Ihde strongly advocate understanding Homo 
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sapiens as Homo faber: “we make things which in turn make us” (Ihde & Malafouris, 2019, p. 196). This should 

not be understood as indicating any human exceptionality regarding tool-making, but to highlight the sustainable 

and persistent impact our activity in the material environment has on human minds, bodies, and culture (Ihde & 

Malafouris, 2019; Malafouris, 2013). Moreover, it is meant to emphasize the self-reflective and -identificatory aspect 

of technology: “No other species has been or can be defined as a species on the basis of its relationship with tools 

and material culture” (Malafouris, 2013, p. 153, original italics). In other words, it is not about whether other 

species also use tools, but the meaning of this tool for us and the subsequent production of other semantics.  

Ihde and Malaforious (2019) emphasize the deep, mutual, indivisible relationship between organism and 

environment, so the process of classical Darwinian adaptation never flows in one direction. I agree, but I want to 

highlight how conscious reflection about targeting ourselves with technology shapes any related practice (Döbler 

& Carbon, 2024). From an enactive perspective, any activity is ‘asymmetric’ in the sense that someone acts on 

something (Di Paolo, 2005). As further argued by Di Paolo, this aspect is homologous to having ‘perspectivity’ on 

the world and necessary for understanding adaptivity as an active process. In this sense, adapting ourselves instead 

of the environment is not meant to be a passive and generational evolutionary process but situated in individual, 

culturally enframed activity (Döbler & Carbon, 2024; Pustovrh et al., 2018). Suppose we analytically dissolute the 

strict human-technology boundary that plagues the Human Enhancement debate (Sharon, 2014). Yet, this does 

not eliminate the experience of reflecting upon our conduct with what we consciously experience as not belonging 

to us. Hence, it is not about whether other species use material resources to adapt themselves instead of the 

environment, but our experience when doing so — the way this practice brings forth a particular understanding 

of ourselves and the world, and any reservations we might have against this conduct. All these components are 

informed by the historical sediment of past actions and practices.  

These interconnections of culturally available practices, the agentic self, and individual embodied activity are 

well acknowledged (e.g., Monterroza-Rios & Gutiérrez-Aguilar, 2022; Pyysiäinen, 2021; Ransom & Gallagher, 2023; 

Rietveld & Kiverstein, 2014). Psychological socio-developmental theories, for example, claim that our self 

fundamentally serves the purpose of tangibly “changing something in and about the world (including in oneself as 

part of the world)” (Stetsenko & Arievitch, 2004, p. 494, original italics).33 This process includes external tools to 

 
33 Stetsenko and Arievitch’s account builds upon the tradition of Lev Vygotsky, who emphasized the role of socio-material 

practices in the emergence of cognitive abilities that characterize the human mind (Drain, 2022). In this section, I am not 

primarily interested in how the relevant abilities emerge, but rather how the species category these abilities belong to relate to 
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extend our capabilities (Stetsenko & Arievitch, 2004). In that sense, any so-emerging “bundle of ‘taken-for-granted’ 

skills, knowledge, and abilities that structures and informs our sense of who we are and what we know” is up to 

constant re-evaluation (Clark, 2003, p. 134). Hence, our technologically influenced way of embodiment has a 

pronounced hermeneutic quality (Ihde, 2011b). Here, the Homo faber provides a similar hermeneutic account of 

our contemporary and future being (Ihde & Malafouris, 2019). Highlighting the role of the material environment, 

it is conceptually open to include Human Enhancement as “thinging” means for self-production.34 Yet, the 

emergence and presence of mental capabilities should not be reduced to the sole influence of external tools but 

contextualized, acknowledging the social processes and practices revolving around using and transferring them 

(Drain, 2022; Jeffares, 2010). Once again, the evidence presented by Praet (2014) offers a fascinating perspective 

on the role of technology for qualifying as Human in a social community. Across different cultures and continents, 

different communities ascribe “true” humanness only if individuals exercise skillful engagement with the 

environment. For the Chachi, this includes the ability to build proper canoes, while for the North American Navajo, 

being one of their kind (they sometimes call themselves “the people”), depends on corn cultivation and the creation 

of beautiful artifacts. Praet also cites anthropological literature about the Ongee, a community on the Andaman 

Islands near Myanmar. For these people, controlling their spiritualized body smell is highly important. 

Subsequently, the Ongee light fires or, more importantly for us, modify their body with paint to prevent smell 

transmission. According to Praet (2014), failure to do so would endanger their status within their community. 

Human-qualifying skillful engagement with the material environment may hinge upon adapting the environment 

properly (e.g., Chachi and Navajo). However, as demonstrated by the Ongee, being a “true” human means using 

external means to prevent bodily smell and thus improve a respective capability and adapt oneself.35  

In summary, the sedimentation of socio-material practices like Human Enhancement informs the semantics of 

the Human. Members of this group then engage in social or individual activities that further shape the background 

 
them. Nevertheless, Vygotsky’s stated that using external means and embedding them into a meaning-providing structure of 

social processes radically shifted the evolutionary and cognitive trajectory of Homo sapiens (Drain, 2022). The general 

observation of Vygotsky aligns with the role I and others (e.g., Döbler & Carbon, 2024; Greely, 2006; Malafouris, 2013), assigned 

to pre-historical tool use. Examining the overlap with my postphenomenological approach must be postponed to future research 

(but see Hasse, 2008). 
34 Malafouris (e.g., 2008, 2013, 2014) strongly emphasizes the direct interaction with material things, e.g., in practices like 

pottery. His study on the phenomenological experience within this craft is not precisely applicable to technologies interaction 

with our bare hands (e.g., vaccines outside a syringe). Still, the Homo faber is more about the various and manifold interactions 

between material components of our environment rather than being confined to those we can directly touch. In terms of the 

size of manipulatable objects, the capacities to manipulate the environment have extended upwards and downwards. Malafouris 

(2020) acknowledges this when stating that humans can influence the trajectory of their evolution through material culture. 
35 Preventive efforts carried out by embodied technology, e.g., vaccination, are Human Enhancement (Döbler & Carbon, 2021; 

Juengst et al., 2018). This is not confined to protection against a disease.  
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they use to make sense of themselves. This functions also by reflexively contrasting our unenhanced capabilities 

against what might be possible through technological aid or the mediated experience against those who lack the 

technology in question (Ihde, 1990, 2011b). Although the Homo faber is only one approach to the Human, its anti-

essentialism — shared by postphenomenology — and emphasis on socio-material self-production (Ihde & 

Malafouris, 2019) can elucidate how other contingent notions of the Human emerge. This may even be true for 

the essentialistic Human. If our valued but static human nature is endangered by an external threat (technology) 

(Sharon, 2014), any assumed antagonism hinges upon the identified discordance between these poles. In other 

words, if one can change anything but still claims that one was unchanged, the latter assertion only emerges in 

reaction to one’s socio-material activity. Thus, I employ the Homo faber to highlight the socio-material-self-

authoring capability of humans. I do not argue that one particular way of engaging with the environment like 

building sandcastles qualifies us as human, but that the diversity of engaging with the material environment 

provides all sorts of semantics, which then can be integrated into specific approaches to the Human.  

5.5.2. Techno-scientifically making the Human  

Because of the human-environment dynamics, the Human can only serve the proposed sensemaking function if it 

is sufficiently malleable to incorporate novel semantics (see Hauskeller, 2009). Still, this dynamicity and relative 

flexibility have not discouraged us from pursuing the goal of fixating the Human within an objective system of 

meaning or fantasizing about how Human Enhancement could enable reliable authority over every aspect of 

ourselves (Hauskeller, 2013). In modern times, one dominant socio-technological practice aims to produce a fixed 

and somewhat disrobed Human, open to common knowledge, ready for inspection, and eventual manipulation: 

Science.  

Overall, human self-understanding is heavily influenced by contemporary practices and institutions (Ihde, 1979; 

Rose, 2018; Stetsenko & Arievitch, 2004), which happen to be dominated by technologies and science (Ihde, 1979; 

Nizzi, 2015; Verbeek, 2005). This is visible in the specific approaches to the Human, for example, in terms of 

evolutionary theory or the computational mind (Fahrenberg, 2003/2011), and shows how modern scientific and 

philosophical inquiry spearheaded the dismantling of taken-for-granted beliefs about our extraordinary capabilities 

or identity (Fernández-Armesto, 2004/2005). If combined with its (bio-)technological enactment (Ihde, 1990), 

adversaries disapprove, and advocates admire the transformational power of technologically enforced scientific 

progress (Hauskeller, 2013, 2016). Science and technology are certainly not the only sources of self-understanding. 

Still, following Ihde’s ideas, modern techno-scientific progress has been proven to be a highly influential source of 
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self-evaluation; it is a socio-material practice in which we — relative to the components of this practice — actively 

negotiate our relationship with the world and ourselves (Verbeek, 2005). In concurrence with the role given to 

technology (Rosenberger & Verbeek, 2015), scientific advancements may influence the adopted understanding of 

our subjectivity and self as humans (Sharon, 2014). For instance, the detection of DNA provided a scientifically 

“objective” way to identify fellow humans (Fernández-Armesto, 2004/2005). Here, breakthroughs, like the Human 

Genome Project, were press-covered or announced by drawing upon essentialistic metaphors about disclosing the 

“book of life” (Nerlich et al., 2002; Sharon, 2014). Invoking such language showcases how biomedical advancements 

contribute to “geneticization” (Lippman, 1993, p. 178), i.e., the cultural framing of human life, diversity, and 

abnormalities to be grounded in fully readable and manageable genetic processes (Lippman, 1993; Sharon, 2014).  

Ihde (1990, 2009) emphasizes the precedent of technology over modern science. Reflected in the very term, this 

techno-science means that, “only through being technologically mediated is the newly produced knowledge possible” 

(Ihde, 2009, p. 55, original italics). Used instruments are seen to reveal “objective” information that human sensory 

capabilities cannot directly perceive. This and the status commonly given to the retrieved information have been 

called “instrumental realism” (Ihde, 2011b, pp. 112–113, original italics). In short, “scientific instruments constitute 

what scientists observe; they ‘interpret’ reality before humans can observe it.” (Verbeek, 2005, p. 141). Ihde’s 

contribution to the philosophy of science stems from highlighting the culturally embedded reality-constituting role 

of the used instruments (Verbeek, 2005).  

Psychology is no exception to these socio-material dependencies. Inspecting the early psychophysical 

laboratories at the dawn of the 20th century, we see machines, clocks, and all sorts of technological instruments 

(Lück & Miller, 2005). Fast forwarding to the 21st century, psychology’s goal of semantically filling the Human 

still employs various technological means. This entails questionnaires that rely on writing and, therefore, a 

“technologically embedded form of language” (Ihde, 1990, p. 81), experimental settings, but also the deployment 

of increasingly sophisticated statistical models that require digital calculations and interpretational expertise 

(Schmidl, 2022). Whenever an aspect of the world is scientifically measured, humans engage in a hermeneutic 

relationship with the used technologies and media and, therefore, interpret their “subjective” percept of the 

technologically produced insight relative to cultivated knowledge, which provides “objective” criteria for this process 

(Schmidl, 2022). Subsequently, the technological instrumentation is not a neutral collector of objectively “true” 

information but mediates the researcher’s perception of the object while also influencing any cultural interpretation 

of the same (de Boer et al., 2022). Consider, for instance, that psychological insight heavily builds on quantification, 
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enabled but also constrained by the material properties of the used media and inner logic (Tafreshi et al., 2016). 

This may eventually lead to the misconception that individuals are what is measured — that they can be reduced 

to an “objective” product of linear algebra (Tafreshi et al., 2016).36 This also applies to questionnaires in diagnostic 

practices like clinical psychology. Rothbart and Taylor (1992) discuss how socially constructive yet essentialized 

diagnostic labels can emerge from contingent category limits within continuous measures (see also N. Haslam, 

2000; N. Haslam et al., 2000). In that sense, psychology’s role as a technological attempt to fixate the Human 

encircles what ought to be read and provides an empirical and materially rooted methodology of how to do it (for 

a methodological overview, see Fahrenberg, 2003/2011).  

One example of how a specific version of the Human is produced and maintained by questionnaires can be seen 

in empirical research on dehumanization. These studies (e.g., Cassese, 2021; Kteily et al., 2015; Nguyen et al., 

2022; Z. Zhang & Chen, 2024) often employ questionnaires that distinctively map or aggregate the human 

nature/uniqueness framework by Haslam (2006). Any questionnaire aims to map a subjective experience into a 

measurement whose “objective” meaning can be understood by various capable interpreters (Uher, 2018). Within 

planning, conducting, and receipting these studies, scientists and laypersons produce and adopt a specific notion 

about humanness and what it is like to dehumanize and be dehumanized (e.g., Golossenko et al., 2023). This fulfills 

the postphenomenological premise that technological mediation can shape our understanding of subjectivity and 

objectivity (see Rosenberger & Verbeek, 2015). Related meanings are subjected to methodological preselection and 

thus mediated by the researcher’s intentions, the questionnaire’s medium, and the understanding of the answering 

person (Uher, 2018). Since Haslam’s framework means operationalizing folk perceptions of humanness, scientific 

research and adopted semantics can inform each other in the Human Enhancement debate (Wilson & Haslam, 

2012). By stabilizing and affirming that (not) being human can be captured by a set of questions and their 

mathematical expression, empirical research that commits itself to a written account of the semantics of the Human 

contributes to the veracity of the same semantics within a paradigm.  

The retrieved technologically mediated information about the object of inquiry is tailored to human epistemic 

abilities and thus has a self-reflective effect (Ihde, 2011b). Such information is not passively received by scientists. 

Instead, the latter are actively involved in producing and making sense of the produced ‘hermeneutic text’ (Ihde, 

1990). Great examples of this are brain-imaging technologies like positron emission tomography (PET) or 

 
36 Scored values at a personality scale provide a specific set of potentially reified categories to make sense of my behavior and 

being: ‘I have scored 5, that is because I am highly neurotic.’ (see Uher, 2018) 
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functional magnetic resonance imaging (fMRI) (Ihde, 2009) or the materialization of thoughts and relations in 

forms of scientific models, which ease embodied cognitive understanding and sense-making of the modeled 

phenomenon (Hasse, 2008; Rolla & Novaes, 2022). In his examination of PET scans’ scientific and clinical practice, 

Dumit (2004) shows how public reception of findings may bring forward a specific, measurable “objective” notion 

about ourselves. This leads to the impression that there are distinct “kinds of brains” reliably linked to different 

“kinds of persons” (Dumit, 2004, p. 6, original italics). The respective line is often drawn between ‘healthy/normal’ 

and ‘unhealthy’ brains (Dumit, 2004), which then reflects the technologically mediated emergence of potentially 

essentialized categories (de Boer et al., 2022; see also N. Haslam, 2000; N. Haslam et al., 2000; Rothbart & Taylor, 

1992). However, Dumit also highlights the variation of results depending on the methodology used, experimental 

settings, and even labs. The impression of an “objective” glimpse into our neuronal architecture is watered down 

by the concert of the instrument’s technological mediation, the researchers’ subjective choices, and the investigated 

participant’s characteristics (de Boer et al., 2022). Nonetheless, technoscientific image practices foster the increased 

reduction of human identity to a specific genotype, imaged brain activity, or biochemical processes (Sharon, 2014). 

Image technologies like PET exemplify how observable behavior and traits are linked to brain-related categories 

whose alleged face validity can result in an inadmissible reduction and collapse of the former into the latter (Dumit, 

2004). This reductionism heightens the assumed transformational benefits of biotechnology targeting the individual 

brain instead of social conditions (Álvarez, 2011). The most extreme manifestation of the so-propagated machine-

like understandings of the Human (Thomas, 2022) would be the transhumanist idea of separating the human mind 

from its body and “uploading” it to another medium (see Hauskeller, 2013; Koene, 2013). Assumed feasibility 

implies an essentialistic human identity, characterized by the equation of brain, mind, and person and the partial 

independence of brain processes from their biological tissue (Sharon, 2014).  

Nevertheless, the appealing visuals of technologies like PET tempt us to equate a person with their brain and 

foster the idea that human nature can be objectively revealed within a brain scanner (Dumit, 2004). The visual 

aspect cannot be overstated here. Often relying on an engaging red-orange palette to indicate statistically 

significant measurements, imaged brain processes, and used metaphors may foster the false impression of a positive 

and absolute increase when there is often only a relative but also a potential decrease in measurements (Lilienfeld 

et al., 2015). Thus, what characterizes the technoscientific way of displaying the world to us is not only the 

extended information processing capabilities of the mediating instrument (Ihde, 2011b) but also the “objective” 
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visual information presentation, whose aesthetic features are never neutral (Ihde, 1990) but situated in the 

individually acquired but culturally shared network of semantic and affective associations (Ortlieb et al., 2020).  

The entanglement within affective variables further highlights the many intricacies of how science produces the 

Human. Take, for example, two dominant contemporary semantics of the Human: possessing a unique dignity or 

human DNA (Caulfield & Brownsword, 2006; Hauskeller, 2009). Only after being technoscientifically able to 

identify human DNA can the latter become a relevant semantic of the Human (Fernández-Armesto, 2004/2005). 

Human dignity as a defining aspect of a to-be-protected human identity gained argumentative momentum as a 

counterargument to inventions like cloning and stem cell research (Caulfield & Brownsword, 2006) and is also 

evoked in the Human Enhancement debate (e.g., Bostrom, 2005a; President’s Council on Bioethics, 2003).37 This 

shows how being able to manipulate the biochemical marker of our species’ membership elevated the meaning of 

other concepts, which then served as a justification for preventing the former. This was only possible by 

concatenating the two concepts and claiming that interventions targeting human DNA endanger human dignity 

(Caulfield & Brownsword, 2006). However, the same knowledge can be used oppositely. Especially in the early 20th 

century, scientists propagated racist ideas about the alleged “objective,” genetically based deficiency of ethnic 

groups (Fernández-Armesto, 2004/2005). “Objectively neutral,” scientifically produced Human semantics gained 

relevance by being linked to more affective and harder-to-grasp ones.  

This again highlights the close association between individual perception and encultured technological 

mediation (see Ihde, 1990). The continuous embodied and skillful activity of individuals in a field of research 

enables them to “internalize” meaning and access encultured knowledge that they were not involved in producing 

(Hasse, 2008, p. 48). Individual bodily perception is seen in the context of the cultural-scientific framework (Hasse, 

2008; Ihde, 1990). Scientific knowledge, mediated through its material production and communication, constantly 

shapes the background of our experiences (Nagataki, 2015). Not confined to experts, sedimentation into “common 

knowledge” enables laypersons to make sense of information, even without procedural knowledge about its scientific 

production (Schmidl, 2022).  

The power of technoscientific practice for producing the essentialistic Human should not be neglected. When 

confronted with experimentally manipulated claims that sociology and psychology have determined specific values 

 
37 The author does not know whether he has human DNA, although he considers it likely. Note also the argument by Ludwig 

Wittgenstein that doubting to possess a human brain is unwarranted because my entire daily life tells that I do (Wittgenstein, 

1970). At the same time, the author’s dignity seems to be far less certain than the scientifically retrieved fact of this molecular 

composition.  
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as not belonging to human nature, participants rated the values as less important than if reading the counterclaim 

(Bain et al., 2006). Moreover, experimental manipulations that refer to scientific authority for disputing or 

supporting the existence of alleged group essences can reduce or increase the affirmation of essentialistic beliefs, 

respectively (Bailey et al., 2021; Landry et al., 2022).38 People orient heavily on scientific expertise for assessing 

essential “natural” category membership and may support this argumentation by evoking how future advancement 

may enlighten a currently indescribable essence (Rothbart & Taylor, 1992). Yet, we can decide to what extent we 

affirm that our being is completely determinable by contemporary scientific insights and models (Žižek, 2017). 

Confrontation with belief-disputing evidence, for instance, can lead to questioning the epistemic power of science 

to investigate particular issues (Munro, 2010). Technoscientifically produced insights thus lead either to affirming 

its revealing powers or asserting that it misses relevant aspects of the (essentialistic) Human. If science is so keen 

to disrobe the human condition from its exceptionality (Fernández-Armesto, 2004/2005), is metaphysical resistance 

not understandable? A similar argument is often used by adversaries: 

the inability to articulate clearly what human nature is becomes evidence that nature and human nature are 

categories that cannot be reduced to the sphere of ethics governed by human reason. In other words, if it cannot 

be articulated, than [sic] we should not be meddling with it, and the attempt to rationalize this is precisely a 

symptom of the hubris that leads human beings to believe that they can master and manipulate nature for 

their own purposes. (Sharon, 2014, p. 70) 

Thus, the essentialistic Human is something beyond the reach of science and thus requires protection against 

technoscience. Opposed by transhumanism as the “ideology for technoscience” (Coenen, 2014, p. 52), both positions 

show how our technoscientific products’ assumed capabilities in relation to ourselves fuel paradisal and calamitous 

fantasies (Hauskeller, 2016; Ihde, 1990, 2011a) and shape the individual narratives we adopt (Coeckelbergh, 2017). 

This may happen in a positive, amending way. Clark (2003), for instance, linked our narrative identity to the 

historically practiced cognitive and physiological entanglement with external means and artifacts so that the 

current state of our enhanced capabilities constitutes parts of our self. We can extend this descriptive account to 

a prospective one. If any active adaptive endeavor builds on perceived or expected inadequacy (Di Paolo, 2005), 

we can also contrast our “naked capacities” against the projected level of technologically enhanced ones (Ihde, 

 
38 Science is also needed to produce evidence for or against what falls under the second dimension of Haslam’s (2006) model of 

humanness: human uniqueness (Fernández-Armesto, 2004/2005). Intra-genus research, for instance, on tool use (e.g., Bruner 

et al., 2023) or general cognitive abilities (e.g., Breyl, 2020), produces similarities and differences. 
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1990, p. 75). Here, the mediating effect of our technological products confronts us with the limitations of our 

capabilities (Ihde, 2011b) and may motivate the attempt to technologically transgress them (Ihde, 2011a). Qua its 

technological mediation and assumed transformative power, Human Enhancement and the technoscientific 

possibility of creating a new level of our capabilities make us aware of the latter’s current or, in hindsight, noticed 

insufficiency (Döbler & Carbon, 2024). The so-assumed power of technology promises to align our capabilities with 

normative expectations and thus emphasizes our bodies as targets for adaptation (Beinsteiner, 2019). Since this is 

a projection and does not require execution, the semantics of us as improvable, even “disabled,” beings are produced 

by the potential of the enhancement and not necessarily by its tangible effect (Hauskeller, 2016, p. 121). To 

eventually succeed, we must identify the state that requires alteration. Here, technoscientific products can make 

our condition accessible to us while also identifying us as authorities to evoke change (Bergen & Verbeek, 2021; 

Döbler & Carbon, 2024). Technoscience elucidates the extent of adaptation needed by precisely determining what 

needs to be improved by how much and which intervention may be suitable. Doing so systematizes and sediments 

our inadequacies and can provide insights about whether the enhancement was “objectively” successful (see Döbler 

& Carbon, 2024; Schmidl, 2022). Viewing Human Enhancement as a technoscientific practice allows us to attribute 

the semantic production processes of the latter to the former.  

Technoscience and Human Enhancement bring forth a simultaneously capable and incapable being. Incapable 

in the sense of needing adaptation, but capable of producing the necessary means to overcome shortcomings. 

Sparrow (2015, 2019, p. 10) argued that adopting and continuously advancing radical enhancement practices like 

genetic engineering will render those modified by earlier and less-potent generations of enhancement “outdated” 

and “obsolete.” Without tuning into this dystopia, widespread Human Enhancement can elevate the improved 

condition to the status of normality (Nizzi, 2015). By projecting what we could be, the byproduct of Human 

Enhancement might be someone who, at the moment of his technoscientifically production, is already partially 

outdated: the contemporary Human.39 

5.5.3. Making the Human together  

The Human is not only a scientifically gathered set of features but an intersubjective, interactive phenomenon. 

Similar to the self in general (Stetsenko & Arievitch, 2004), it cannot be reduced to a collection of narratives. 

Instead, it is performative and resides in socio-material interaction (Bastian & Crimston, 2014; Praet, 2014). When 

 
39 See Simon (2019) for a similar argumentation on the matter of posthumanism and the current historical conception of 

humanity. Contrary to him, I argue that the here described process even takes place in the enhancement efforts we conduct on 

an everyday basis. 
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addressing someone as human, I presuppose or acknowledge the chosen semantics (see Wilson, 2014). This 

interaction-enabling function of ascriptions is a relevant aspect of symbols to indicate group (species) membership 

(Moffett, 2013). Yet, as argued used ascriptions are flexible. This is best shown within empirical phenomena like 

attributing human characteristics to non-human entities. So-called “anthropomorphism” builds on using 

information about ourselves to enhance making sense of the world and was conceptualized as the ‘inversion’ of 

dehumanization (Epley et al., 2007). Besides the cultural manifestation of this phenomenon (Fernández-Armesto, 

2004/2005), empirical studies show that anthropomorphism positively influences judgments about moral status 

(H. M. Gray et al., 2007; Nijssen et al., 2019) and trustworthiness (Roesler et al., 2021). It includes deliberate, 

spontaneous and fast cognitive processes (Urquiza-Haas & Kotrschal, 2015) and enables interactional engagement 

with the non-human socio-material world (Airenti, 2018). One aspect of social interactions is that the occurring 

movements, facial expressions, and utterances contribute to maintaining the self-organizing dynamic of the 

situation (De Jaegher & Di Paolo, 2007). This effect of anthropomorphism was shown in a study by Straub (2016). 

Straub manipulated the interactional behavior of an android in a public café. Other visitors adjusted their behavior 

according to the android’s displayed and assumed social capacities. In the condition with the highest level of 

interactivity, visitors even asked the android whether they could touch the android — a direct affirmation of moral 

status. However, failing to meet assumed capabilities led to interaction breakdown and the android being objecti- 

instead of subjectivized. Perceived and observed interactional capacities and behaviors create a path for mutual 

understanding and behavioral attunement to each other (De Jaegher & Di Paolo, 2007). In short, interactional 

behavioral convergence with what we understand as humans affirms the same concept and stabilizes constituting 

patterns of sociality. 

This creates novel possibilities for understanding ourselves. Interacting with other agents allows for so-called 

“participatory sense-making” (De Jaegher & Di Paolo, 2007, p. 500). Accordingly, meaning is not isolated in the 

physical or mental form of something but is sometimes generated or enacted by interrelated social interaction 

between different agents (De Jaegher & Di Paolo, 2007). The general mechanism in face-to-face social sense-making 

resides in the power of joint social interaction to make hitherto not-reflected states available for reflective 

evaluation (García, 2021). Usually exemplified by coordinated activities like dancing or dialogical practices like 

psychotherapy (De Jaegher & Di Paolo, 2007; García, 2021), we can extend this to participation in scientific 

research contexts as well (e.g., de Boer et al., 2022; Hasse, 2008; Rolla & Novaes, 2022). Although consciously 

reflecting upon being a human may seldom happen, the sense-making and interactional function of the Human is 
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perpetuated and steered by agents who adopt and enact the relevant semantics. For instance, if we claim that 

humans possess a particular essence or treat something differently because of ascribed humanness, we 

performatively and participatory enact the (moral) meaning of this category (Coeckelbergh, 2023; Hauskeller, 2009).  

A more radical reading emerges from “dehumanizing” intentionality and ascribing to technologies as well. This 

postphenomenological proposition assumes that the latter have a material-dependent mode of gathering, 

processing, and mediating information that is attuned to human capabilities (Ihde, 2011b; Verbeek, 2008). Thus, 

human interaction with them, aka “thinging” resembles participatory sense-making activities (Malafouris, 2014). 

The prime examples are wearables that track physiological processes like heart rate or calorie consumption (e.g., 

Robert-Demontrond, 2022; Van Den Eede, 2015). As Van Den Eede (2015) pointed out, these devices are one of 

the most straightforward examples of the postphenomenological hermeneutic relationship of reflexively ‘reading 

ourselves through technology’ (Ihde, 1990). Doing so fulfills the more general function of “bring[ing] into presence 

and awareness the human body as something that is supposed to be adapted to the possibilities of this technology“ 

(Beinsteiner, 2019, p. 125). Wearables, technoscientifically, constitute an ‘embodied-hermeneutic relationship’ and 

improve the human capability of reading one’s bodily functions (Van Den Eede, 2015). In their function as Human 

Enhancement, they can accentuate bodily shortcomings (e.g., high heart frequency) and urge adaptation while 

also positing themselves as effective means to do so (Döbler & Carbon, 2024; Kristensen & Ruckenstein, 2018; 

Robert-Demontrond, 2022; Van Den Eede, 2015). Using them brings forward an “objectively” quantified and 

encultured notion of myself that is charged with all sorts of normative expectations and transformational 

possibilities (Kristensen & Ruckenstein, 2018; Van Den Eede, 2015). Since the revealed data is hardly available for 

conscious reflection and the technology is designed to specifically measure human physiological states and convey 

them in a form comprehensible to humans, this relationship fits the mechanisms of participatory sense-making 

(see García, 2021). The produced meaning was only producible by the joint activity of technology (measuring + 

conveying) and embodied user (wearing + reading + understanding), as well as the mutual attunement of 

properties that allow using the technology (wearable + able to wear). We can extend this to technologies that do 

not blatantly reveal some measured aspects of ourselves, yet imply a specific inadequacy that must be met by 

using the technology (see Coeckelbergh, 2013; Hauskeller, 2016). By more or less subtly shifting our attention to 

aspects about ourselves hitherto not recognized or by becoming so deeply incorporated into our functional 

engagement with the world, the capabilities of the technology are “owned” by us (Ihde, 1990). Thus, Human 

Enhancement modulates the sense-making function and outcomes of the Human in a participatory way.  
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From a postphenomenological and enactive perspective, self-expression and understandings are deeply rooted 

in our social institutions and the reciprocal dependent collective and individual material activity (Ransom & 

Gallagher, 2023; see also Rose, 2018). When we conduct the manifold practices constituted by technoscience, we 

constantly produce, inform, and evaluate different notions of the Human. It is at this point where we can see how 

the individual human self partially embodies a contingent history of socio-material activities and how the self is 

informed by commonplace actions, even if not intended to produce meaningful insights about the self (Stetsenko 

& Arievitch, 2004). From the enactive perspective, to do, be, and know are reciprocal processes constituted and 

informed by individual and socially coordinated activity in an enacted world, where the distinction between 

ourselves and the other should not be considered as given, but are linked to a constant engagement with the 

surrounding socio-materiality we have constructed (Di Paolo & De Jaegher, 2022). Acknowledging the participatory 

role of technology in this conduct highlights ourselves as Homo faber (Ihde & Malafouris, 2019): We are what we 

do, and we do together with things. 

5.6. Summary of the Human  

I have discussed how the Human is a concept that helps us to correctly and effectively value information about 

the environment and ourselves as living beings. Cited evidence on the manifoldness of understandings suggests 

that the latter are contingent but functionally treated as indicative of historical group identity. Positive or negative 

affirmation of so-produced semantics always happens in relation to the history of past engagements that inform 

our sense-making activity. Here, semantic production seems to be privileged by socio-material practices like science 

and Human Enhancement. However, we should also not forget that due to its extension to multiple individuals, 

the Human depends on the social adoption of the general concept or particular semantics.  

These considerations about ourselves as individuals and humans may appear abstract, but can suddenly burst 

into practical relevance. In 2020, an event of global extension radically confronted us with the inadequacy of our 

physiological capabilities. Our ‘human being-at-risk’ (Coeckelbergh, 2013) was brought into awareness. Quickly, 

the environment was modified to protect us. At the same time, scientists employed technoscience to identify the 

malicious agent, learn about why we were so unprepared, and subsequently started working on preventive measures 

to adapt ourselves instead of the environment. The related discourse recycled general tropes about which future 

technological interventions with our being are desirable or must be endured (see Coeckelbergh, 2013). In short, 

the abstract Human Enhancement debate concretely manifested in the question of vaccination against SARS-CoV-

2 during the COVID-19 pandemic.  
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6. Core paper #1: Boosting human capacities 

Döbler, N . A ., & Carbon, C.-C. (2023). Boosting human capacities: Attitudes toward Human Enhancement and  

vaccination in the context of perceived naturalness and invasiveness. Discover Psychology, 3, 24. 

https://doi.org/10.1007/s44202-023-00085-3 

The published paper and its Supplementary can be found as Appendix 1 and 1.1. in Section 17. 

6.1. Motivation 

Vaccination, often relying on advanced biotechnology and capable of shifting the immune capacities of individuals 

above “normal” levels, is recognized by many academic conceptualizations as Human Enhancement (Döbler & 

Carbon, 2021). Contrasted against disease contagion measures like shutting down public spaces or building physical 

barriers, it is a perfect example of adapting ourselves instead of the environment with technological aid (Döbler & 

Carbon, 2024). The connection between Human Enhancement and vaccination is not only conceptual but also 

ethical. The general controversy around vaccination (e.g., M. Browne, 2018; Kata, 2012) was unignorably present 

during the COVID-19 pandemic (e.g., Ginossar et al., 2022). Here, an attentive observer could identify homology 

between vaccination-relating arguments and issues (e.g., bodily autonomy and distributional justice) and those 

evoked against Human Enhancement in general (Döbler & Carbon, 2021). Intrigued by those adamant about not 

getting vaccinated, I suspected this particular segment (~15% of the adult German population in January 2022 - 

Robert Koch-Institut, 2022) had strong beliefs that may influence their evaluation of other enhancements.  

Despite the tremendous tragedy of a deadly pandemic, COVID-19 led to the unique opportunity to witness 

the global distribution of Human Enhancement and investigate related attitudes. Not aware of any other studies 

examining these topics side-by-side, I was motivated to find out if academic research could establish an empirical 

connection where previously there was only a theoretical one.  

6.2. Theory and method 

Rejecting vaccination may be grounded in “core beliefs about personal agency, and a spiritual, natural, life-

affirming approach to health” (M. Browne, 2018, p. 2541). Since vaccination is seen as a concrete manifestation of 

Human Enhancement, the motives that drove the behavior of those not vaccinated against SARS-CoV-2 

(unvaccinated henceforth) were suspected to influence their evaluation of Human Enhancement in general. Owed 

to the postulated diversity of Human Enhancement (Döbler & Carbon, 2024), attitudes toward specific 

enhancements differ (Grinschgl et al., 2023; Schönthaler et al., 2022). This effect should not be present when the 

act of enhancement alone is a controversial issue. One reason may be a feature-based evaluation of the employed 
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means.40 With this in mind and like other studies (e.g., Grinschgl et al., 2023; Sattler et al., 2014; Schönthaler et 

al., 2022; K. Wagner et al., 2018), I employed a hypothetical cognitive enhancement scenario to assess the 

evaluation of other enhancements. I was interested in evaluating the willingness to use these means based on their 

perceived naturalness and invasiveness. These variables were chosen because associated beliefs play an important 

role within the anti-vaccination discourse (e.g., M. Browne, 2018; Ebrahimi et al., 2021; L. R. Martin & Petrie, 

2017; McLenon & Rogers, 2019; Meier et al., 2022) and for accepting specific enhancements (e.g., Conrad et al., 

2019; M. Haslam et al., 2021; Mihailov et al., 2021; Sattler & Pietralla, 2022; Scheske & Schnall, 2012). 

Furthermore, naturalness can be linked to the conception of technology as opposed to nature (Siipi, 2008). As the 

Human Enhancement discourse often entertains the opposition between “natural” and “unnatural” enhancements 

and states (e.g., Allhoff et al., 2010; Buchanan, 2011), I suspected that a generally affirmative attitude toward 

nature negatively affected the acceptance of Human Enhancement. Linking enhancement evaluation to self-

reported vaccination behavior and intention allowed for robustly situating the findings in the pandemical context 

and concrete behavior. The context of a virus-bearing environment and a potential risk-mitigating technology 

emphasizes Human Enhancement as a ‘risk-transformation’ strategy, as suggested by Coeckelbergh (2013). Hence, 

I also evaluated whether Human Enhancement technologies could modulate the experience of risk and clarified 

the specific psychological effects of this enhancement.  

Employed measurements were self-developed and aimed to reflect attitudes toward Human Enhancement and 

vaccination. To better access the network of beliefs, I also asked for the attitude toward a wide range of potentially 

controversial phenomena. For further clarification on perceptions of Human Enhancement, participants indicated 

the extent to which different technologies were seen as respective means. These measures were used in the first 

online questionnaire study with N = 314 (18.5% unvaccinated). Participants were targeted through Facebook 

groups and other online communities. Data sampling for the first study occurred in January 2022, a time when 

every German citizen had free access to vaccination against SARS-CoV-2. I then conducted a second online study 

in May 2023. I recruited N = 300 (14.33% unvaccinated) participants to evaluate differences in the 

naturalness/invasiveness perception of vaccination against SARS-CoV-2 and re-evaluated the findings of the 

willingness to engage with cognitive enhancement. This was done to identify to which extent naturalness and 

invasiveness perceptions generalize to the vaccine.  

 
40 In Schönthaler et al. (2022) one psychometric factor explained over 50% of acceptance variance across “classical” 

enhancements, e.g. genetic engineering or pharmacological means, but did not explore feature perception.  
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6.3. Results 

Study 1 showed that perceived invasiveness and an affirmative attitude toward naturalness had a negative effect 

on the willingness to use means for cognitive improvement. Perceived naturalness of means increased this 

willingness. Results suggest that these effects were more pronounced and, thus, more important for unvaccinated 

participants. Effect certainty and strength varied depending on which means were evaluated (Table 2). 

 Unvaccinated differed in the perception of how invasive and naturally assessed cognitive enhancement means were 

perceived. For instance, unvaccinated rated the singular injection of drugs as less natural (Cohen’s d = -0.68) but 

more invasive (d = 0.97) than vaccinated counterparts. Results also confirmed that an affirmative attitude toward 

naturalness had a negative effect on both the attitude toward vaccination and Human Enhancement. Interaction 

effects revealed more pronounced negative effects for the unvaccinated participants (Table 3). 

Groups differed significantly regarding their attitude toward different phenomena, touching on the relationship 

between humans and nature. For instance, unvaccinated rated space colonization (d = -0.48) and genetic 

engineering of humans (d = -0.76) more negatively and homeopathy (d = 1.36) more positively than vaccinated 

counterparts. Mirroring results from another study (Döbler & Carbon, 2021), participants did not consider 

Table 3. Predicting the attitude toward Vaccination and Human Enhancement 

 Outcome 

 Positive attitude vaccination  Positive attitude Human Enhancement  

Predictor  β (Median) CI95% Low. CI95% Up. pd  β CI95% Low. CI95% Up. pd 

Enhancement rating vaccinations 0.16 0.02 0.30 98.7%  -0.22 -0.45 0.01 97.1% 

Vaccinated 1.32 1.10 1.54 100.0%  0.38 0.04 0.72 98.5% 

Naturalness attitude -0.44 -0.61 -0.27 100.0%  -0.49 -0.74 -0.24 100.0% 

Attitude Human Enhancement 0.28 0.15 0.42 100.0%      
Vaccinated x ER-rating vaccinations -0.14 -0.30 0.02 95.8%  0.47 0.23 0.73 100.0% 

Vaccinated x Naturalness attitude 0.20 0.02 0.38 98.4%  0.22 -0.05 0.50 94.4% 

Vaccinated x Attitude Human Enhancement -0.26 -0.42 -0.10 100.0%      
Note: pd = probability of direction, i.e., the probability that the effect has the same numerical sign as the median. CI95%: Low./Up. Lower/Upper 

95% credible interval boundaries. Tables are adopted from Döbler & Carbon (2023): Table 5; Model 5, and Table 6; Model 4 in the original. 

Table 2. Predicting the willingness to use interventions for memory enhancement 

 Model 

 All interventions  Interventions with parallel frequencies  

 β (Median) CI95% Low. CI95% Up. pd  β CI95% Low. CI95% Up. pd 

Perceived invasiveness -0.53 -0.65 -0.40 100.0%  -0.61 -0.85 -0.37 100.0% 

Perceived naturalness 0.81 0.69 0.92 100.0%  1.15 0.93 1.37 100.0% 

Attitude Human Enhancement 0.34 0.04 0.63 98.6%  0.36 -0.14 0.86 92.2% 

Naturalness attitude -0.04 -0.10 0.01 92.3%  -0.12 -0.21 -0.04 99.7% 

Vaccinated 0.57 -2.03 3.19 66.2%  -0.16 -3.48 3.15 53.7% 

Application: Frequent -0.22 -2.57 2.21 57.2%      
Application: Once 1.81 1.62 2.00 100.0%  2.54 2.28 2.80 100.0% 

Vaccinated x Perceived invasiveness 0.31 0.18 0.44 100.0%  0.18 -0.08 0.44 91.1% 

Vaccinated x Attitude Human Enhancement 0.06 -0.27 0.39 63.4%  0.33 -0.21 0.89 88.7% 

Vaccinated x Perceived naturalness -0.41 -0.54 -0.29 100.0%  -0.67 -0.90 -0.45 100.0% 

Vaccinated x Naturalness attitude 0.01 -0.05 0.07 59.5%  0.07 -0.02 0.16 93.0% 

Note: pd = probability of direction, i.e., the probability that the effect has the same numerical sign as the median. CI95%: Low./Up. Lower/Upper 

95% credible interval boundaries. Tables refer to Döbler & Carbon (2023): Table 4; Models 5 and 10. Estimates are non-converted and differ from 

exp-converted values in the original. Interventions with parallel frequencies: comparing only those interventions assessed as one-time or daily use 

and qualify as Human Enhancement under my definition. All interventions: includes ratings for interventions that do not fall under my definition of 

Human Enhancement and were not assessed with the same application frequency. Non-vaccinated and Application: daily use = reference levels. 
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vaccination an evident example of Human Enhancement. Showcasing the risk-transforming effect of Human 

Enhancement (Coeckelbergh, 2013), vaccinated participants increased feelings of safety right after vaccination. 

Further models showed that supporting disease control measures, most likely as a reference to the perceived virus 

hazard, could predict vaccination intention.  

Results from Study 2 indicated that unvaccinated participants rated vaccination against SARS-CoV-2 as less 

effective, less natural, and less safe than vaccinated counterparts. Perceived unnaturalness and invasiveness were 

reported to have played a comparable role in deciding not to get vaccinated as perceptions of ineffectiveness and 

lack of safety. Evaluating the final model on willingness to use cognitive enhancement from Study 1 with the data 

from Study 2 supported the model’s prediction quality.  

6.4. Discussion and one step further 

My results align with previous findings on the positive role of naturalness (Conrad et al., 2019; Marteau et al., 

1995; Scheske & Schnall, 2012; Williams & Steffel, 2014; H. Zhang et al., 2024) and negative influence of 

invasiveness (M. Haslam et al., 2021; Sattler & Pietralla, 2022; Scheske & Schnall, 2012; H. Zhang et al., 2024) in 

evaluating more “classical” means for Human Enhancement — effects mirrored in vaccination evaluation (Chen et 

al., 2023; Meier et al., 2022; Rossen et al., 2019). It seems that the President’s Council on Bioethics (2003) was 

correct when stressing the gravity of the means’ perceived naturalness. Yet, we must be cautious. According to 

the council, this objection does not build on the artificiality of the technologies but on their interfering effect with 

a meaningful connection to one’s activity and the desire for authentic merit. For the council and its chairman, 

Leon Kass (2003, p. 23), modern and novel biotechnologies41 corrupt our natural agency and condemn humans to 

defenseless ‘passivity.’ However, what about the mediated and historical technological expression of human agency 

(Ihde, 1990; Verbeek, 2005)? Applying this perspective to biotechnology (Sharon, 2014) and linking it to the 

functional principle of Human Enhancement (Döbler & Carbon, 2024): Is using embodied technological means to 

adapt ourselves not an expression of human agency par excellence?  

Ambiguity of the involved terms may contribute to one’s general reluctance. The following discussion will 

elaborate on possible understandings and the values that may be seen at stake in the vaccination debate. 

 
41 The council’s report mentions vaccines as examples of such on the second page. The respective section enumerates what the 

council understands as biotechnology and is not an anti-vaccination statement. The council concedes that biotechnology, like 

vaccination, can also create significant goods. Yet, its insistence that protective vaccines’ narrow application focus renders them 

“good” biotechnologies is not coherent, given that the effects may yield the criticized enhancement (see Döbler & Carbon, 2021; 

Juengst, 1998). 
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Furthermore, I will argue that the technological capabilities of the vaccine qua their mere presence already impact 

our engagement with the world.  

6.4.1. Ambiguous concepts 

The emergence of modern biotechnology can make it increasingly more complex to distinguish between the artificial 

and natural (Ihde, 1990). Different understandings of the latter term across laypersons and experts, for example, 

when discussing livestock vaccines (Ditlevsen et al., 2020), show that “naturalness” can be equivocal (Buchanan, 

2011; Siipi, 2008). Still, as shown, the individual conception of naturalness seems to be a converging point for the 

attitude toward vaccination, a general notion of Human Enhancement, and particularly cognitive enhancement. 

Besides the ambiguous understanding of naturalness, Human Enhancement is also subjected to potential 

disagreement. While the academic perspective affirms that vaccination is Human Enhancement (e.g., Allhoff et 

al., 2010; Buchanan, 2011; Juengst, 1998), laypersons do not necessarily share this classification (Döbler & Carbon, 

2021, 2023). However, they seem critical of any technological intervention deemed unnatural and invasive, which 

would encompass vaccination and a large proportion of the enhancement examples discussed in the literature. 

Instead of getting heated up about a potential lack of definitory precision amongst laypersons and academics, a 

thorough evaluation of specific enhancement concerns and psychological communication strategies is needed (see 

Döbler & Carbon, 2021, 2024). To effectively address concerns, findings on how framing technology’s purpose and 

additional information concerning its prevalence can shift moral evaluation of controversial enhancements (Martín 

et al., 2023), and re-framing vaccinations as less naturalness-impinging may foster intention to use them (Chen et 

al., 2023), may be fruitful.  
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As seen in Figure 3, a prior, rather theoretical article that elaborated the conceptual link of vaccination as Human 

Enhancement (Döbler & Carbon, 2021) was shared by several “X” (formerly known as “Twitter”) users who used 

it to highlight the danger of vaccinations and transhumanism (@1wsky, 2022; @CumberpatchM, 2024a, 2024b; 

@POTUS, 2022). This reception in the discourse produces anecdotal evidence for the hypothesis (Döbler & Carbon, 

2021, 2023) that critical attitudes against vaccination and Human Enhancement are closely related. Inquiring the 

subjective yet decisive meaning of controversial terms is key to understanding what is seen at stake and why people 

are willing to protect it.  

6.4.2. Endangered purity of ourselves 

As briefly discussed in the present article, Chen et al. (2023) highlighted the importance of vaccination rejection 

and concerns about purity. This refers to the “Moral foundation theory,” which postulates that concerning moral 

judgments, “Intuitions come first, strategic reasoning second” (Haidt, 2013, p. 106 original italics). After the 

formation of these intuitions, individual differences yield different ways to explain and justify them by drawing 

upon different so-called “moral foundations,” like “fairness/cheating,” “care/harm,” or “loyalty/betrayal,” but also 

what was originally called “sanctity/degradation” (Haidt, 2013, p. 351). In short, people have different preferences 

for which arguments they evoke to make sense of their fast-paced judgments. Appealing to the 

“sanctity/degradation foundation” can effectively posit something as valuable and sacrosanct and thus impact the 

persuasiveness of respective arguments in bioethical debates (Haidt, 2013). The renamed “purity” foundation was 

found to influence the evaluation of various enhancements negatively (Grinschgl et al., 2023; M. Haslam et al., 

2021; Mihailov et al., 2021; cf. Sandbrink et al., 2024). The moral gravity of human nature in the Human 

Enhancement debate stems from the disputes about its not-to-be-touched value (Wilson & Haslam, 2009) and the 

The tweet by @1wsky appears to be deleted.
Screenshot taken at February 6th, 2024, at 3:19 PM GMT+2

Screenshot taken at February 6th, 2024, at 3:23 PM GMT+2

Figure 3. Tweets sharing Döbler and Carbon (2021). The CC-BY license applying to this text does not apply to the screenshots. 
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prospect of purposefully redrawing valued “natural” boundaries (Sharon, 2014). Moreover, dominant ideologies 

consider external technologies as endangering the ‘purity’ of the human body (Coeckelbergh, 2013).  

However, across different empirical studies, definitions of purity are inconsistent and sometimes formulated 

without reference to “naturalness” (K. Gray et al., 2023). Gray et al.’s review of definitions reveals that purity is 

often understood to encompass acts that are not directly personally harmful (e.g., incest). However, they also 

point out that people can view actions deemed impure, such as eating certain foods, as linked to individual harm 

and subsequently suggest seeing concerns about impurity as “higher-order harms” (p. 299) that are seen as 

endangering norms and abstract values. This proposal highlights the double meaning of ourselves in the Human 

Enhancement debate. Seeing vaccination against SARS-CoV-2 as an “impure” technological agent was linked to 

affirming statements like “My body is sacred” and the reluctance to let “foreign substances polluting my blood,” or 

“contaminate the sacredness of my body,” which then were statistically aggregated into what the authors denote 

as “the Human Body Is Sacred” (Chen et al., 2023, p. 6, italics added). In this sense, concerns by the unvaccinated 

about the state of themselves as individuals and the functioning of their body, endangered by the invasive and 

unnatural technology, were translated into identifying themselves as endangered Human. If linked to the proposed 

higher-order harms, people skeptical of the vaccination may generalize the danger for themselves to an abstract 

danger for humanity. Apart from physical harm, an analysis of COVID-19-related conspiracy theories that 

circulated on YouTube and Twitter (“X”) revealed that the dominant topic was the concern of how vaccination 

endangers individual freedom (Ginossar et al., 2022). Freedom is a value laypersons consider linked to human 

nature and are keen to protect (Bain et al., 2006). Adopting this version of the Human, people may oppose what 

is considered a threat to their bodies, linking this threat to the defining semantics of the species they identify with.  

Further evidence for this double meaning is provided, considering that the prospect of technological 

interventions with our bodies may be accompanied by concerns about physical integrity (Coeckelbergh, 2013). 

Devaluation of invasive enhancement means compared to non-invasive ones (Döbler & Carbon, 2023; Grinschgl et 

al., 2023; Sattler & Pietralla, 2022; Scheske & Schnall, 2012) showcases the value of the integrity of ourselves as 

individuals. The link toward ourselves as humans becomes visible when discussing the implications of a prevailing 

view that attempts to define humans ex negativo as opposed to technology (Coeckelbergh, 2013). According to 

Coeckelbergh, this approach conceives the technologically altered cyborg as the utmost threat to the otherwise 

non-corrupted human body. These so-evoked images of the modified human body resonate with the declared 

concerns against enhancement-related practices and metaphors that pose ourselves as “mere raw material to be 
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molded according to human will” (President’s Council on Bioethics, 2003, p. 287). Crucial to these notions is 

focusing on technologies that are seen as invasive and the link between the individual and the Human. Interestingly, 

the unvaccinated saw cognitive enhancement interventions as more invasive than their vaccinated counterparts. 

Even if perceptions of vaccine invasiveness did not differ between vaccinated and unvaccinated, my results showed 

that perceived invasiveness was reported to be a substantial factor for not getting vaccinated. This may exemplify 

how, in specific contexts that require vaccination, the used biotechnology is not seen as a simple sting but as 

“power inscribed not only on the body, but in it, down to the molecular level” (Bickford, 2019, p. 43, italics added). 

Further evidence for the role of self-related integrity was provided in a recent study. Participants rated invasive 

implants to enhance appearance or mental capacities as less natural and more morally condemnable than physical 

exercise (H. Zhang et al., 2024). When comparing the implant with plastic surgery, participants rated the former 

as less morally acceptable but equally natural. Moral evaluation was positively linked to and partially mediated 

the positive influence of naturalness judgments and willingness to use interventions. Additionally, the implant was 

conceived as evoking stronger changes in identity than non-invasive methods (but not surgery). This and other 

research on vaccination rejection (Reich, 2016) suggest a link between perceived naturalness and invasiveness that 

was neither modeled in my publication nor found in previous research (Scheske & Schnall, 2012). This requires 

further inquiry and highlights an understanding of ourselves that stretches beyond physical integrity. Putting 

psychological integrity into the heart of concerns, people were shown to be reluctant to enhance psychological 

capacities deemed pivotal to their identity (Riis et al., 2008; K. Wagner et al., 2018). These concerns about 

individual identity can extend and overlap with concerns and features of the nature we claim for ourselves as 

humans (Pugh et al., 2016; Wilson & Haslam, 2009), which constitutes our distinct identification as the latter 

(Wilson, 2014; Wilson & Haslam, 2012). My research did not assess whether people reject vaccination because it 

is considered threatening human nature. Still, with all necessary caveats, vaccination as a proxy for Human 

Enhancement could be seen as a threat to human nature, not because of directly targeting a tangible essence but 

because of the suspected technological interference with values and other features people view as indicative 

elements of this posed essence (Wilson, 2014; Wilson & Haslam, 2009). Even though being a logically invalid 

position (Smith, 2014) and rejecting vaccination can have various reasons (Betsch et al., 2018), the valuation of 

ourselves could indicate the following: similar to other biotechnologies, vaccination is rejected not because it is 

feared to destroy our humanness directly but due to the potential to corrupt the assembly of inferred aspects so 

that we cannot identify with this humanness anymore.  
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6.4.3. Practical effects on ourselves  

Adopting the postphenomenological premise of technology as experience-altering: How can drugs, vaccination, or 

other substances that are quickly metabolized have the same effect as implants or more tangible tools? After all, 

there is nothing the world can be ‘felt through,’ nothing integrated into my immediate experience, and thus no 

evident embodiment relation (Ihde, 1990; Verbeek, 2008 - Section 3.6.). Verbeek (2008) meant to solve this problem 

by introducing his cyborg relation. Ihde (1990), utilizing the example of birth control pills, however, suggested 

that respective effects appear to be more like a background relation, so that practices like sexual intercourse are 

contrasted and are experienced differently. Understanding Human Enhancement in general as risk-managing 

strategy (Coeckelbergh, 2013) enlightens results suggesting how different contraception methods, including oral 

ones, modulate concerns about unplanned pregnancies and experienced sexual satisfaction (Oddens, 1999). At the 

same time, women may feel primarily responsible for contraception (Alspaugh et al., 2020; Brown, 2015), which 

can render this technological adaptation into a normative gender stereotype. My findings also support the 

proposition of Ihde in the sense that vaccinated participants largely reported an improvement in subjective safety 

following their first vaccine shot. They also cited beliefs in its effectivity as decisive for the vaccination decision. 

Hence, for those willing to receive it, vaccination against SARS-CoV-2 is a subjective and objective adaptation 

(see Döbler & Carbon, 2024). Affirmation of this double effect rendered several conducts, like in-person live events, 

less dangerous and legally possible again, and very likely stemmed from an altered experience of personal risk at 

the micro- and macroperceptual sphere (see Ihde, 1990). 

However, those who reject this embodied intervention may doubt that the promised effect is possible. If persons 

reject the vaccination because they deem it ineffective but fear negative side effects, they, nevertheless, affirm the 

possibility of (maladaptive) transformation through biotechnology. The availability of a technology normatively 

shapes revolving practices also due to the possibility of not using it (Ihde, 1990). Even if it is not applied, humans 

relate to these means as something they do not need because it is threatening something valuable to them or is 

considered an ineffective adaptation of themselves in relation to the environment. If we link this to positions that 

argue that the practice of vaccination is inferior compared to the “natural” immune capacities of the human body 

(e.g., L. R. Martin & Petrie, 2017), we see how the production or affirmation of the Human can also happen by 

opposing the products and practices of technoscience. Conversely, the need for vaccination results from identifying 

ourselves as insufficiently protected against environmental hazards — we are threatened by something external, 

feared to intrude on our bodies. Although prima facie reproducing the separatist ontology of adversaries, this 
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demonstrates how the mediational effect of modern biotechnology (Sharon, 2014) can also frame ourselves as an 

endangered concept. Hence, vaccination fulfills two central premises of postphenomenology (see Nizzi, 2015; 

Rosenberger & Verbeek, 2015; Verbeek, 2005): the production of a specific notion of an (endangered) subject and 

(menacing) object through technological mediation and a more or less direct influence on our practices. 

6.5. Critical appraisal  

Apart from the limitations enumerated in the paper, I acknowledge the following criticism: Even if not equivalent 

to an affirmative attitude to naturalness and rejection of invasiveness in general, the purity concerns subscale of 

the moral foundation questionnaire (Moralfoundations.org, 2023) could have been a promising choice for connecting 

findings to the established literature. The number of findings may overwhelm the reader. Focusing on a handful of 

key findings might have been advantageous.  

Due to reasons like occupational vaccine mandates, vaccination status is not tantamount to naturalness attitude 

and other variables. This could be addressed by using the identificatory significance of vaccination status as an 

additional source of information. Other research has shown that this variable can explain outgroup discrimination 

(Henkel et al., 2022) and memory bias regarding support of disease control measures and risk evaluation 

(Sprengholz et al., 2023). This could further elucidate how beliefs and values gatekeep enhancement decisions.  

Because the baseline of capabilities may influence the enhancement effort one is willing to endure, assessing 

individually perceived cognitive abilities before measuring willingness for cognitive enhancement may be beneficial 

(Fernandez et al., 2022). Yet, other studies found little evidence for an effect of self-assessed cognitive capabilities 

on the willingness to use different means of enhancement (Grinschgl et al., 2023; Sattler & Pietralla, 2022).  

Asking about how the participants evaluated the naturalness of the intervention did not propagate a specific 

notion of this concept. The scale on the general affirmative attitude toward naturalness asked for agreement on a 

wide range of statements (e.g., “Humans and nature have separated too much,” “Humans should stop trying to 

control nature”) that also had a strong normative component (e.g., “What is natural is also good” – See Appendix 

1.1). Before replication, a careful analysis of which of the many understandings of naturalness (see Siipi, 2008) was 

operationalized is needed. 

The study was planned while simultaneously working on my definition of Human Enhancement (Döbler & 

Carbon, 2024). The proposed definition still applies to vaccination, but some examples presented to participants 

in this study (e.g., meditation) do not qualify as Human Enhancement under my definition. Thus, for theoretical 



HUMAN ENHANCEMENT FROM DAWN TILL DUSK   83 

 

consistency, I focused more on the second set of models (Models 6 – 10 of Table 4 in Appendix 2 and Table 2 in 

this manuscript), where all evaluated interventions are Human Enhancement under my definition.  

In the second study, evaluating not only the willingness to use model but also the ones predicting attitudes 

toward Human Enhancement and vaccination could have been beneficial. Unfortunately, one required measure 

(rating vaccination as an example of Human Enhancement) was missing.  

6.6. Conclusion 

We are obliged to relate, value, and subsequently care (Coeckelbergh, 2013; Di Paolo, 2015). Care about ourselves, 

our future, our society, our species. My results show that preference for the ways we shape the relations from 

which this care and the associated vulnerabilities emerge (see Coeckelbergh, 2013) are subjected to individual 

differences and manifest in individual enhancement decisions. Whether to engage with specific technological 

interventions seems to build upon a set of beliefs and attitudes that comprise the fundamental relation between 

humans and the environment, as well as differing perceptions of the technology and Human in question. 

Widespread Human Enhancement, as exemplified in the mass distribution of vaccination against SARS-CoV-2, 

emphasizes how the enhanced (immune) self sets a new normative standard (Nizzi, 2015). However, for some, the 

prospect of using a technology deemed invasive and unnatural renders adhering to this new norm unbearable. 

7. Core paper #2: Enhancement WOK or BOO 

Döbler, N . A., Carbon, C.-C., & Schaub, H. (2024). Human Enhancement Without Organizational Knowledge  

and by Organizational Order. Journal of Cognitive Enhancement, 8(1–2), 170–183. 

https://doi.org/10.1007/s41465-023-00278-7 

The published paper can be found as Appendix 2 in Section 17. 

7.1. Motivation 

While adaptation towards a physically dangerous environment runs deep through the conceptual history of Human 

Enhancement (see Clynes & Kline, 1960), people nowadays populate a wide range of socio-material environments. 

Especially at the workplace, they encounter a wide range of risks, influences, and tasks that require adaptation 

(Pustovrh et al., 2018). Here, the intuitive solution may be an adaptation of the work environment, for example, 

to increase safety, security, and performance-related variables. However, as Pusthorv et al. (2018) pointed out, 

workers can also be inclined to use technological means against themselves. Given the often-referenced goal of 

improving human capacities, investigating Human Enhancement in highly competitive and thus evaluative settings 

seems close at hand. Previous researchers have conducted investigations into the hypothetical and factual use of 
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Human Enhancement in educational (e.g., Dietz et al., 2013; Dinh et al., 2020; Fuermaier et al., 2021; Maier et 

al., 2015; Mann, 2023; Wolff et al., 2014; Wolff & Brand, 2013) and workplace settings (e.g., Baum et al., 2023; 

Dinh et al., 2020; Franke et al., 2013; Raspe et al., 2020; Sattler et al., 2022, 2023; Sattler & Von Dem Knesebeck, 

2022; Wiegel et al., 2016; Williams & Steffel, 2014). The present article contextualizes these findings within a 

framework of organizational power and knowledge while also providing a general overview for practitioners.  

7.2. Theory and Method 

Building on the premise that Human Enhancement is contemporarily done, I reviewed empirical evidence for such 

engagement and its effects in organizational settings. I then summarized them in a new framework that shines 

light on the two poles of organizational involvement within individual Human Enhancement efforts.  

7.3. Results 

I defined two kinds of organizational entanglement with Human Enhancement. Either this conduct happens 

“without organizational knowledge (WOK),” like in doping or performance-boosting drugs, or “by organizational 

order (BOO),” e.g., vaccination mandates or state-ordered doping (Döbler et al., 2024, p. 171, original italics). 

Placed on a continuum, each pole refers to what an organization, like an education facility or employer, knows 

about the behavior of its members. Emphasizing the directive power of organizations, BOO explicitly addresses 

motivational aspects. Still, WOK can also entail subtle behavioral inclinations. Even if conducted in secrecy, 

Human Enhancement can “be motivated by organizational virtue” (Döbler et al., 2024, p. 174, original italics): 

individuals may feel obliged to enhance due to the organizational climate that champions a specific level of 

capabilities or promotes unethical behavior.  

These aspects highlight intra-organizational processes that may create an environment people feel the need to 

adapt to. The application of Human Enhancement in organizational settings may be accompanied by safety and 

security-related issues. Still, as shown for vaccination and often argued for cognitive enhancement as well, the 

prospect of improving safety and security may render ordering enhancement a universal organizational policy for 

some tasks. With this in mind, I highlighted difficulties in regulating Human Enhancement in organizational 

settings and argued for a case-by-case examination.  

7.4. Discussion and one step further 

The proposed framework shines an important light on the practical side of adapting ourselves instead of the 

organizational environment. This highlights the relationship between individual conduct and higher levels of 
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societal organization. Yes, Human Enhancement is done to a single individual. But, we can neither neglect 

contextual factors (Döbler & Carbon, 2024) nor how social and ideological factors convey the need to adapt our 

behavior (Maiese, 2022). Favorable peer attitudes and enhancement use by others render individual enhancement 

endorsement more likely (Dinh et al., 2020; Mann, 2023; Martín et al., 2023; Sattler et al., 2013, 2014, 2021; van 

Veen et al., 2022; K. Wagner et al., 2018). Direct peer demand had a negligible influence on the willingness to 

conduct cognitive enhancement (Sattler et al., 2014). Still, reflecting the widespread concern about socially coercive 

enhancement practices (Schelle et al., 2014), Adam giving in to Eve’s demands and eating from the forbidden tree 

was expectable. 

How we employ technologies and do Human Enhancement is influenced by our practices, activities, and 

conscious and unconsciously shared norms and expectations (Coeckelbergh, 2018; Döbler & Bartnik, 2022). These 

components create a regiment of factors that govern how and what we adapt, but also which conditions are seen 

as worth conducting this effort (Pustovrh et al., 2018)—time to pay closer attention.  

7.4.1. A neoliberal case report  

Why do I put so much emphasis on the matter of adaptation? Is not improvement the kernel of Human 

Enhancement? Although I consider adaptation the more fundamental mechanism, elaborating on the relationship 

between improvement and adaptation may be required. Crucially, human adaptation is not always a life-or-death 

matter but also manifests in the subtle and continuous pre-reflective behavioral attunement and enactment of 

established practices (Maiese, 2022). From an enactive perspective, humans, on a fundamental sensory-motoric 

level, “internalize” observed norms and adopt behavioral responses to cope with these socially uttered demands 

(Maiese, 2022, p. 342, original italics). Contextual variables influence the evaluation of Human Enhancement and 

allow for framing individual efforts as improvement (Menuz et al., 2013). Hence, when we inquire about the 

functional kernel of Human Enhancement, this practice and the used means must be seen in the context of:  

the unfolding of the horizons of meaning which precede all aspirations to effect and provide them with guidance 

and direction. The question whether our practices of technological self-production can be detached from the 

teleology of optimization cannot even be asked, before the meaning is taken into account that establishes this 

teleology. (Beinsteiner, 2019, p. 128) 

Even if a reference to improvement is unignorable in the Human Enhancement debate, we should aim to understand 

the related terms before positing it as a universal, positive, and seemingly self-evident telos (Chadwick, 2009; 
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Hauskeller, 2013). Hence, I join Beinsteiner in the call that we must understand the contextual meaning of 

improvement (see also Hauskeller, 2013; Hofmann, 2017). As Agar (2014) pointed out, viewing objective 

improvement as necessarily good renders a related conception of Human Enhancement inevitably morally 

acceptable. In a similar vein, Hauskeller (2013) rejected the existence of any Human Enhancement in this literal 

sense. According to him, this is because pre-defined contexts that determine what counts as “better” are too narrow, 

so there are no interventions that yield all-encompassing improvement and are always morally permissible. 

Hauskeller’s analysis is more concerned with the moral value of specific enhancements in relation to their potential 

side effects. Nonetheless, his insistence on defining criteria that render someone “better” sense is important. 

Extending on these points, we can ask what constitutes the dominant reference frame or horizon of meaning to 

speak with Beinsteiner that labels outcomes as an improvement? One answer is ideology.  

Basically, an ideology describes a desired vision and organization for society (Piketty, 2020). Yet, this macro-

scale definition neglects the perspective of the individuals whose beliefs and actions constitute what we call society 

and who are meant to be improved by Human Enhancement. Hence, I will employ a more fundamental 

understanding, drawing upon the theories of Slavoj Žižek. Accordingly, an ideology is not some dwelling utopia 

that seeks to overcome the present conditions. Instead, the ideology is already at work in defining the status quo; 

it structures social relations, their enactment, and meaning on the most fundamental level (Žižek, 1989/2008). 

People may be aware of distortions, contradictions, and irrational beliefs commonly framed as “ideological,” but 

for Žižek (1989/2008), the crucial point is that people are nevertheless actively participating and maintaining the 

conditions that gave rise to a particular social organization. According to Žižek, ideology is not “before” the truth 

but within it (cf. Maiese, 2022). Thus, an ideology impregnates our understanding of what it means to be an 

individual, how societies “naturally” organize, and which aspects of ourselves are subjected to the critical inspection 

of others, as well as the appropriateness of our actions to meet these social demands (Žižek, 1989/2008). From an 

enactive perspective, a given ideology can be seen as cultivating behavioral patterns so that individual agents can 

attune easily and “mindlessly” adapt to the socio-material environment (Maiese, 2022). Understood this way, an 

ideology governs how we should adapt.  

In the following discussion of how an ideology may influence Human Enhancement, I will focus on neoliberalism 

and its emphasis on individual self-improvement (see Döbler & Carbon, 2024). At its core, neoliberalism champions 

minimizing state interference with capitalistic business activity and the free market (Connell, 2010). However, this 

ideology is not confined to economic policies but also imbues social institutions and individual actions (Adams et 
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al., 2019; Gershon, 2011). Analyzing the influence of neoliberalism on work and organizational psychology (WOP), 

Bal and Dóci (2018) show how this discipline enacts and reproduces the ideologies’ premises, e.g., “meritocracy,” 

“individualism,” “social Darwinism,” and the constant aim for necessary progress (p. 539). According to them, by 

specifying a particular outcome as desired intervention effects and discussing respective strategies, WOP shapes 

our understanding of what it means to improve. Doing so justifies not only the adaptation of the organizational 

environment but also of the organization’s members (Bal & Dóci, 2018). Overall, neoliberalism’s dogmas 

substantially impacted psychological theory and practice (Adams et al., 2019).  

In her analysis of the intellectual roots of this ideology, Stiegler (2022) shows how neoliberalism was built on 

an identified “defectiveness of human material” (p. 131, original italics). Interested in societal social progress, 

neoliberalism’s intellectual pioneers argued that: 

the intelligence inherited from its long evolutionary history has adapted the human species to stable and closed 

environments. In light of the final destination of evolution, the principal organ of adaptation for the human 

species has brutally become that of its maladaptation, maladjustment, and structural lag. (Stiegler, 2022, p. 

150) 

Stiegler reveals how neoliberal dogmas of governmental restraint, free commerce, and individual self-interest were 

posited as the final stage of human organization, necessitating a socio- and bio-political agenda, where: 

readapting the human species to the demands of the globalized economy involves not only continually improving 

its defective genetic patrimony through the elimination of anomalies and the enhancement of performance, but 

also assuming ambitious social policies in the matters of prevention, care, and health—which promote at the 

same time the equality of opportunities and adaptability. (Stiegler, 2022, p. 154) 

These are plans for a political and large-scale evolutionary program. But what about the acting individuals? Those 

who have bodies ‘equally adaptable’? Here, one classical reference used by many, including Stiegler, is that 

neoliberalism conceives the Human as the entrepreneurial, self-responsible, and self-exploiting “homo œconomicus” 

(Foucault, 2008, p. 226; Scharff, 2016). In the contemporary socio-economic system, available techniques and 

technologies constantly urge this subject to improve itself (Scharff, 2016). Answers to this call include exploiting 

specific enhancements (Mann, 2023). Other than the plans described by Stiegler (2022), we encounter individualized 

adaptation efforts to cope with the demands of an already neoliberalized workplace, education system, or social 
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environment (Döbler & Carbon, 2024; Mann, 2023; Pustovrh et al., 2018). For instance, Pusthurov et al. (2018) 

argue that increasing reliance on cognitive work in concert with capitalist demands incentivizes pharmacological 

cognitive enhancement so that the quality as an employee is conflated with the quality as human.  

Human Enhancement seems like an uncanny ally for how agency is understood in neoliberalism. Accordingly, 

humans must posit themselves as possessing an improvable set of skills that must be efficiently and business-like 

managed (Döbler & Carbon, 2024; Gershon, 2011). Moreover, neoliberalism’s dogma of the free market entails a 

strong appeal to self-responsibility and individualism (Gershon, 2011). Hence, if people live in and work in 

precarious economic systems, they may not be angry but display self-criticalness and negligence of the responsible 

structural conditions (Scharff, 2016). Besides calling for general self-improvement, neoliberalism urges individuals 

to reliably facilitate intense positive emotions (Adams et al., 2019), which could incline using Human Enhancement 

for mood modulation (Döbler & Carbon, 2024). Interviews within the LGBTQ+ community elucidate how drugs 

are used to enhance sexual experiences, facilitate intimate social connections, and make specific practices possible 

in the first place (Pienaar et al., 2020). This shows how Human Enhancement can influence social relationships to 

the most intimate level and could exemplify how neoliberal ideology has advanced into a significant proportion of 

everyday life.  

Yet, a direct investigation into the impact of self-reported neoliberal attitudes on the willingness to use brain 

stimulation for enhancement purposes yielded non-significant results (Medaglia et al., 2019). Moreover, if exposed 

to an online advertisement that frames cognitive enhancement as beneficial for career progress or related to 

prosocial goals, users were likelier to click on the latter (Castelo et al., 2019). However, one must not consciously 

endorse what is happening to maintain an ideology (Žižek, 1989/2008). By facilitating, naturalizing, and 

maintaining social relations and actions, the ideology precedes the individual but is nevertheless maintained by 

individual action and social participation (Bal & Dóci, 2018; Maiese, 2022; Žižek, 1989/2008). Focus group 

interviews showed that people assume the need to display one’s best performance or the desire to outperform peers 

as motivations for cognitive enhancement (Coveney et al., 2019). Interviews with students suggested that their use 

of cognitive enhancement was a self-necessitated behavioral answer to the perceived conditions in neoliberalized 

education facilities (Mann, 2023). A survey among Dutch students showed that 68% considered ADHD medication 

uptake without medical necessity to be effective, and 51.7% saw the possible simulation of symptoms to obtain 

the drugs as beneficial (Fuermaier et al., 2021). Wiegel et al. (2016) showed that German university teachers were 

more likely to use cognitive enhancement drugs when reporting higher stress. These results show how Human 
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Enhancement is embedded within social-material spheres, which not only issue motivating, enhancement endorsing 

demands but also regiments which adaptations qualify as adequate (Döbler et al., 2024; Döbler & Carbon, 2024). 

From an enactive perspective, individuals attune their behavior and sensemaking to pre-given and subsequently 

integrated ideological norms (Maiese, 2022). This is the ideological perspective of Human Enhancement by 

organizational virtue, where reducing adaptations of ourselves solely to personal reasons falls for the self-

immunizing logic of neoliberal individualism. 

Neoliberal subjects compete not only against others but also against themselves (Bal & Dóci, 2018; Scharff, 

2016). Due to this two-fold competitive entanglement, a purely subjective understanding of improvement is 

insufficient. Only “objective” enhancement, which others can acknowledge, constitutes the necessary improvement. 

Given the neoliberal focus on the self-responsible individual, the origin of outcomes is reattributed to stem from 

individual success/failure instead of structural conditions (Scharff, 2016). Hence, in a neoliberal context, 

individuals may justify their behavior by referring to unshakable social normativity and implicit expectations (see 

Bal & Dóci, 2018; Mann, 2023) that are naturalized by applying evolutionary principles to society (Stiegler, 2022). 

This shows how technologies and their capabilities bring forth a specific notion of (entrepreneurial) subjectivity 

and objectivity (Rosenberger & Verbeek, 2015; Sharon, 2014). This happens, for instance, by championing the 

scientifically proven plasticity of the brain as justification and naturalization for continuous but individual 

adaptation to the equally plastic market (Álvarez, 2011). Since the individual may have limited influence on 

environmental conditions, such reductionist arguments may convey that adapting ourselves is the most appropriate 

strategy to achieve socially valued outcomes (Álvarez, 2011). That way, the given conditions, including the framing 

and motivations of individual actions, are evaluated in terms of the alleged inevitability and necessity for the 

persistence of the societal organization (Bal & Dóci, 2018). On the political level, decreasing cognitive performance 

in light of increasing work demands may be re-framed as treatment-requiring maladaptation (Pustovrh et al., 

2018). This may individualize structural problems while maintaining the positive feedback loop between successful 

adaptation and increasing demands (Agar, 2014; Elliott, 2011; Pustovrh et al., 2018). When the structural 

conditions that have given rise to the urge for enhancement are neglected (Elliott, 2011) and the employee 

consciously affirms that he must improve his abilities to meet the demands of his workplace (Gershon, 2011), the 

optimization teleology and constituting meaning horizon (Beinsteiner, 2019) are taken for granted. Although 

factually adapting to the socio-material environment, the focus on neoliberal improvement puts individualized 

merit into focus, as if the shared understanding of improvement is derived from a self-explanatory, “natural” drive 
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(see Stiegler, 2022). However, by acting as if the emerging behavior is inevitable and necessary, these justifications 

are ideologically validated by the contingent behavior they are supposed to proactively rationalize (Žižek, 

1989/2008). If seen as merely responding to external, allegedly inviolable conditions (Mann, 2023), Human 

Enhancement can also be understood as a coping attempt conducted from the position of an alleged “objective” 

yet a factually contingent necessity. Take cognitive enhancement drugs. Even if the effects are minor (Roberts et 

al., 2020) and are thus unlikely to compensate for skill inequality, their availability and individual, active and self-

responsible use attunes with the neoliberal agent, as equally characterized and risk-affirming striver for skill 

optimization (Gershon, 2011; Mann, 2023).42 From the perspective of the individual, it is the ménage-à-trois of 

subject-required and technologically-enabled-to-adapt appeals to self-responsibility and performance and 

individually embodied technologies that render adaptation of ourselves over adaptation of the environment as 

being perceived necessary (Döbler & Carbon, 2024; Mann, 2023; Pustovrh et al., 2018).  

All technological aid aside, people still want to believe in the power of individual merit. For instance, people, 

in principle, support pharmacological cognitive enhancement as an expression of bodily autonomy but reject it in 

competitive settings (Coveney et al., 2019). Upkeeping the importance of invested effort may be especially 

important for people who value fairness (Mihailov et al., 2021) or want to conserve the character of specific 

activities (Greely, 2006). However, people rated successful performance achieved with the help of cognitive 

enhancements as less authentic but as similarly/more promotion-worthy than a similar or worse outcome where 

no enhancement was involved (Fitz et al., 2014). Hence, by enacting an ideology that values not only the process 

but the outcome, people are willing to take the risk of improper conduct to claim relevant, otherwise unreachable 

achievements. This conclusion is supported by empirical evidence on the predictive power of values associated with 

neoliberalism on the prevalence of cheating in assigned tasks (Pulfrey & Butera, 2013). “Self-enhancement,” the 

value in question, was also associated with being more favorable to using a wide range of enhancements 

(Schönthaler et al., 2022).  

In this context, transhumanism and its ideological dogma of technological, self-responsible improvement seem 

like the perfect ally for the neoliberal project and vice versa (Spreen, 2018). The technological capabilities are seen 

as the final building block for the necessary reliable performance augmentation (Flessner, 2018) and suggest a 

profound self-instrumentalization (Thomas, 2022). The historical neoliberal diagnosis of humanity as 

 
42 Given its vulnerability-reducing intent — which, in fact, only has a transforming effect (Coeckelbergh, 2013) — the attempt 

to gain a competitive advantage through pharmacological means substitutes socio-economic risk against biological and health-

related ones (e.g., addiction, Mann, 2023). 
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fundamentally flawed and in need of a political “readaptation” concerning the increasingly complex economic 

environment (Stiegler, 2022, p. 23) echoes the limitation-focused transhumanist view that necessitates individual 

enhancement (Hauskeller, 2016; Sharon, 2014). More intersections are visible when considering that transhumanism 

prioritizes the individual self over the social aspects of the human condition (Steinhoff, 2014). Besides this clear 

affirmation of individualism, authors have called for the adoption of a “Proactionary Imperative” as 

transhumanism’s “intellectual basis” (Fuller & Lipiska, 2014, p. 1). This approach builds on the “‘proactionary 

principle,’” which was formulated in opposition to the more risk-averse and tempered “‘precautionary principle’” 

(Fuller & Lipiska, 2014, p. 3). According to its inventor, transhumanist Max More, the proactionary principle is 

meant to overcome precautionary hesitation in developing and adopting emerging technologies to ensure the best 

possible results of technological progress (More, 2013c). Fuller and Lipiska use More’s conception as a starting 

point to draft a political and legal framework meant to realize the proactionary dogma for calculated and 

responsible risk and the advancement of science to progress the “control over the most fundamental features of 

human existence” (Fuller & Lipiska, 2014, p. 131).43 The most apparent manifestation of neoliberalism in this 

institutionalized transhumanism is the postulation that “proactionaries accept a quite literal understanding of 

genes as ‘bio-capital’: namely, as currency through which one sort of thing is exchanged for another, resulting in 

the mutual enhancement of the traders” (Fuller & Lipiska, 2014, p. 135). The evident capitalistic language of Fuller 

and Lipiska affirms the neoliberal dogma of treating yourself as an absolutely privatized business (Thomas, 2022) 

under the dogma of private revenue maximization (Pustovrh et al., 2018). This highlights how the neoliberal 

subject is expected even to stretch its self-responsibility and risk-managing toward its biological and genetic 

condition (Sharon, 2014) and once again resonates with the evolutionary undertone of neoliberalism’s intellectual 

history (Stiegler, 2022). The concert of modern biotechnology and neoliberal dogmata already brings forth a 

mediated reading of ourselves and the world (Sharon, 2014). In summary, the specific meaning of improvement is 

the product of what it means to adapt to projected and current demands posed by a socio-material context 

(ideology). Only through the network of practices, virtues, values, demands, and knowledge improving in a specific 

way is emphasized as the imperative manifestation of adaptation.  

 
43 Compare this to the neoliberal subject as a rational risk-manager (Gershon, 2011; Scharff, 2016) and Human Enhancement 

as a risk-transforming practice (Coeckelbergh, 2013). Given the vehemence and projected utopian outcomes in Fuller and 

Lipiskas’s argumentation, we could even go so far as to claim that this imperative is meant to convince us to take a long-

overdue shot at achieving divinity (Hauskeller, 2016) 
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Yet, other research has already rejected that individual enhancement outcomes can be equally translated to 

higher levels of social organization on a theoretical (Allenby & Sarewitz, 2011; Faber et al., 2017) and empirical 

basis (Sattler et al., 2023). Hence, what is adaptive for groups, organizations, and society is not necessarily good 

for the individual and vice versa (Döbler et al., 2024). Moreover, my previous work on people adamantly rejecting 

Human Enhancement, e.g., vaccination (Döbler & Carbon, 2023) and cases where healthcare professionals defied 

vaccination mandates and were laid off (Okpani et al., 2024) show the limitations of organizational and ideological 

power and virtue.  

Admittedly, my definition of Human Enhancement partially conflates improvement with adaptation. 

Nonetheless, acknowledging the mechanism of adaptation side-by-side with the matter of improvement may assist 

in circumventing a specific notion of the latter. We may be required to adapt, but not necessarily in a way that 

entangles the adaptation with striving for constant self-improvement in the face of market and work demands 

(Pustovrh et al., 2018). Still, neoliberalism effectively has molded evolutionary principles like adaptation and 

feelings of ‘lagging behind’ into a clear political agenda enriched by all sorts of biological metaphors, which convey 

an alleged necessity for sociopolitical evolutionary mastery and progress (Stiegler, 2022). If we then consider how 

neoliberalism champions individual self-responsibility and malleability (Gershon, 2011), the appeal towards specific 

kinds of Human Enhancement may stem from the implicit and explicit preclusion of widespread adaptations of 

the environment. In that case, the only option to ensure systemic participation seems to be a technological 

adaptation of oneself (Döbler & Carbon, 2024). The practical incorporation of Human Enhancement into this 

ideology gives a different undertone to the statement that “through Human Enhancement, we become the things 

we made” (Döbler & Carbon, 2024, p. 602). Radical neoliberalism may incentivize increasingly more radical 

enhancement, so that we ought to become the thing to perform.  

7.5. Critical appraisal  

My understanding of “organizational knowledge” refers to whether the organization, represented by individual 

superiors or other powerful members, knows about the potentially illicit enhancement conduct of other members. 

However, the same term was and is used to describe the intra-organizational ability of organization members to 

use and compare relevant information to exercise allocated tasks successfully (Tsoukas & Vladimirou, 2001). Hence, 

the chosen terminology may appear confusing. By relating the knowledge aspect to the level of the organization, 

I may have insufficiently personified societal structures. Overall, the proposed theoretical approach would have 
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benefited from empirical data that — by committing to one example — investigates the extent and character of 

enhancement WOK or BOO.  

7.6. Conclusion 

Organizational and ideological contexts may appear deceivingly natural, like Adam Smith’s infamous invisible 

hand, which arranges all components according to their allegedly best interest or sorts out those who fail to adapt. 

Still, even in the case of enhancement without organizational knowledge, adapting ourselves is never purely 

individual conduct. Humans and their shared ways of living are always socially demanding (Maiese, 2022) and 

thus contribute to the prevalence of Human Enhancement either by directly ordering it or subtly influencing 

motivational processes. Here, organizations are not equipped with the biblical Eye of Providence. So, as long as it 

happens without organizational knowledge, Human Enhancement may yield negative consequences, but not 

necessarily eviction from the organizational context. Yet, if one single demand can easily trigger enhancement 

aspirations, the environment-creating authorities must question themselves as to what extent they are responsible 

for the outcome.  

8. The normative Human  

Examples discussed so far highlight how specific enhancements can be normatively expected in a given environment 

or assist in engaging with the same in an effective way (see Döbler & Carbon, 2024). Overall, organismic activity 

must facilitate functional valuation of the environment and the subsequent effective identification and prevention 

of “wrong” and potentially lethal states (Di Paolo, 2005; Thompson & Stapleton, 2009). Thus, even within our 

“mindless” everyday behavior, there is always a “right” or most “appropriate” way of doing things or interacting 

with other agents (De Jaegher & Di Paolo, 2007; Maiese, 2022; Mojica, 2021; Rietveld, 2008). Moreover, artifacts 

stand in reciprocal influence to human practices that produce and use them (Coeckelbergh, 2018; de Boer, 2023; 

Ihde, 1990). In short, normativity lives in practice and is practiced in living. Even in the biblical Garden, humans 

encountered (and defied!) divine proscriptive normativity. But what is the relationship between the normativity 

of organismic processes and those we encounter in the social realm? We heard so much about the biologically 

grounded essentialistic Human. Can the normativity of the Human manifest in biological variables? Is there really 

a way to interfere with organismic processes and simultaneously shatter our “right” identity as Humans?  

Recall how the Human is entangled with normative and idealized semantics (Hauskeller, 2009). Linking it to 

possessing human DNA may have weaker implications than knotting “true” humanness to proper moral conduct 
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(Phillips, 2023). But as reasonably argued by Hauskeller (2009) on the case of genetic chimeras (organisms in 

which human and animal DNA is combined), any understanding of the Human, including a genetic one, yields an 

elevated moral status for the qualifying entities. Indeed, the ethical debate about producing these organisms 

discusses questions like softened distinctions between species or endangered human dignity, or moral norms 

(Kwisda et al., 2020). The meaning we assign to our genome entangles “objective” biochemistry with normative 

questions about how to treat entities possessing this feature. Thus, the Human seems inseparably tied to proper 

engagement with the social-material world (Phillips, 2022, 2023; Praet, 2014). This performativity requires us to 

individually act and treat others according to the adopted semantics and their meaning. If failing to do so, severe 

consequences may follow. The impression that somebody did not display relevant characteristics of the Human 

and, thus, treated other humans ‘inhumanely’ may lead to dehumanization and serve as justification for aggression 

against individuals (Bastian et al., 2013; Phillips, 2023) and their groups (Kteily et al., 2015). Yet, apart from 

denying somebody relevant aspects of the Human, the mentioned evidence shows how proper conduct can lead to 

the ascription of humanness. For instance, Butler (1988) suggested a direct link between humanization and the 

enactment of traditional gender roles. Picking up on this proposal, Martin and Mason (2022) empirically showed 

that gender and stereotypically associated traits are indeed one of the most central features for perceived 

humanness and pivotal for making sense of others’ actions. Normative expectations regarding gender are often 

essentialized (Saguy et al., 2021) but can actually physically manifest in the individual. For instance, the special 

emphasis on female attractiveness may frame cosmetic interventions as means of achieving proper womanhood 

(Little, 1998). This observation exemplifies how the beauty industry may create a gendered version of the “good” 

enhanced, universally “better” human (Hauskeller, 2013). In a less invasive manner, eating certain dishes and 

maintaining a certain weight are gender-specific norms (Cavazza et al., 2015; Koenig, 2018). In that sense, following 

a specific diet can inscribe social normativity into the physical body. At the same time, physical features can bleed 

into the social realm. For example, when women experience stigmatization due to infertility (Xie et al., 2023) and 

potentially feel dehumanized by the procedures meant to overcome this condition (Redshaw et al., 2007).  

From an enactivistic perspective, gender normativity structures our behavior so we bring forward and maintain 

the historized and naturalized meaning of gendered categories and their link to humanness (Butnor & MacKenzie, 

2022). Attempts to understand why people’s action and appearance expresses this naturalized normativity can 

manifest in the assumption of a gene-based gender essence that inevitably had to produce observed behavioral 

differences (Dar-Nimrod & Heine, 2011). Such understanding imbues “objective” genetic information with 
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normative demands about the proper conduct of males and females (Hendl, 2017). But similar to the mentioned 

chimeras, this link may be disrupted by emerging biotechnology. New biotechnologies allow for the precise 

manipulation of the human genome (Doudna & Charpentier, 2014). Hence, the controversial capability to 

intentionally and sustainably change human biology according to our values and gusto (e.g., Buchanan, 2011; 

President’s Council on Bioethics, 2003) seems on the edge of the possibility. The normativity of humanness, its 

gender-related facets mixed with biotechnological agency — one does not have to be bioconservative to 

acknowledge the disruptive potential.  

9. Core paper #3: A perfect child 

Döbler, N . A ., & Carbon, C.-C. (2025). Does creating the perfect child mean enforcing or dismantling normative 

gender stereotypes? Evidence from an interactive virtual genetic engineering exhibit. Acta Psychologica, 

254. https://doi.org/10.1016/j.actpsy.2025.104748 
The published paper and its Supplementary can be found as Appendix 3 and 3.1 in Section 17. 

9.1. Motivation 

In the periphery of the Human Enhancement debate, scholars discussed whether we must use available technology 

and knowledge to: “select the child, of the possible children … who is expected to have the best life, or at least as 

good a life as the others, based on the relevant, available information” (Savulescu, 2001, p. 415). Prima facie, there 

seems to be nothing wrong with caring for one’s child’s well-being. However, this may not only concern aspects of 

predispositions for genetic diseases but may also pertain to features whose presence renders socially induced harm 

more likely (e.g., skin color or sex, Sparrow, 2007). Another factor causally linked to experiencing negative, 

potentially quality-of-life diminishing consequences is the violation of normative gender stereotypes (Rudman, 

Moss-Racusin, Glick, et al., 2012).  

Nowadays, biotechnological interventions of embryos can target a wide range of psychologically relevant features 

(Banazadeh et al., 2024). Given the functional principle of Human Enhancement and the increasing potential of 

biotechnology beyond mere embryo selection, people may create children “perfectly” adapted to the abundant 

social normativity of gender (see Butler, 1988; Butnor & MacKenzie, 2022; Fitzgerald, 1997; Rudman, Moss-

Racusin, Glick, et al., 2012; Saguy et al., 2021). However, transhumanism sees genetic engineering as a risk-

mitigating strategy (Coeckelbergh, 2013). Radically applied to the role of gender, Hughes and Dvorsky (2008) 

theorized that these biotechnologies could dismantle solidified gender norms. In the best transhuman sense, the 

proposed technological adaptation of ourselves would deliberately eliminate any chance of being oppressed by cruel 

biology (Thweatt-Bates, 2012/2016). Following this logic, people could use this technology to design children whose 
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features explicitly do not match stereotype content and contribute to their re-negotiation: An adaptation of the 

environment qua the adaptation of ourselves in the broadest sense.  

Similar to vaccination, we once again encounter the possibility of using controversial biotechnology to adapt 

ourselves in relation to a normative environment. But this time, personal health or organizational membership is 

not the focus. Instead, the biotechnological adaptation is suspected to interfere with one of the fundamental 

qualities of our identity as men and women and eventually humans.  

9.2. Theory and Method 

I suspected that parents are generally invested in their child’s well-being. This motivation extends to affirming the 

potential use of genetic engineering for the prevention and eventual cure of genetic diseases (Jedwab et al., 2020; 

Snure Beckman et al., 2019). Additionally, according to Butler (1988), individuals are heavily pressured to behave 

according to traditionalized expectations, aka stereotypes, to ensure their participation in a gender-dominated 

world. Hence, these convictions can be seen as signposts for successful adaptation to an environment which, 

according to Saguy et al. (2021), is structured by the traditional binary of male and female signifiers and 

maintained through the fulfillment of derived gender-specific expectations. Parents are important for conveying 

gender norms to their children (Davis & Greenstein, 2009; Saguy et al., 2021). Given the harsh consequences of 

violating gender stereotypes (e.g., Blondeel et al., 2018), parents are suspected of evaluating choices regarding 

interfering with what is assumed to be the genetic “natural” basis for behavior and personality in relation to this 

consequential gender normativity (see Dar-Nimrod & Heine, 2011; Fitzgerald, 1997). Here, they encounter two 

kinds of stereotypes: The prescriptive dos and the proscriptive don’ts (Prentice & Carranza, 2002). Examples of 

the former are that females shall display more emotionality, while for males, athleticism is seen as desirable 

(Prentice & Carranza, 2002). On the proscriptive side, females should not be “dominant,” males not “weak,” and 

both gender should maintain a concurring “feminine” or “masculine appearance” (Koenig, 2018, p. 7). Cross-

culturally, the most evident prescriptions are that males are expected to be agentic, while females shall enact more 

traits linked to communality (Bosson et al., 2022 - as measured by the “Big Two”: “agency” and “communion”). 

Given the importance of gender as structuring component of our social relations (Butler, 1988; A. E. Martin & 

Mason, 2022), negative consequences due to norm-violating behavior (Blondeel et al., 2018; Rudman, Moss-

Racusin, Glick, et al., 2012), and transgression into socio-material spheres (Saguy et al., 2021), people can choose 

to personally show stereotype-confirming behavior or enforce it within others (Rudman, Moss-Racusin, Glick, et 

al., 2012). Since gender can also be enacted pre-birth (T. K. Browne, 2017; Jack, 2020; Verbeek, 2011), hypothetical 
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use of genetic engineering may be steered by the goal to enable children to display their gender in the “right” way.44 

This motivation may lead to enforcing normative gender stereotypes so that the children’s altered genome is 

expected to manifest in ways that minimize expected risk and maximize expected benefit. This is the Good-Gender 

Hypothesis — Good-GH.  

However, people sometimes express the hope that genetic engineering can mitigate societal issues (Sadler & 

Zeidler, 2004; Van Dijke et al., 2018). The gender-related manifestation of this is the transhumanist projection of 

a “Postgender Future” (Hughes & Dvorsky, 2008, p. 13), in which biotechnologies dismantle biology-based gender-

related oppression (Thweatt-Bates, 2012/2016). Less phantasmatic, gender stereotypes have been proven to 

regularly adapt to changed social conditions (Diekman & Eagly, 2000; Eagly et al., 2020). Change in stereotype 

content can be facilitated by so-called “vanguards,” i.e., persons who counteract stereotypes (Rudman, Moss-

Racusin, Glick, et al., 2012, p. 168). Deeming stereotypes oppressive and bad, why not use powerful genetic 

engineering to purposefully create these vanguards and effectively dismantle normative convictions about gender? 

This is the Emancipating-Gender Hypothesis — Eman-GH.  

Both hypotheses build upon the idea that interfering with the human genome will create tangible phenotypical 

differences. One can certainly question this stark influence of the genome (Resnik & Vorhaus, 2006). Nonetheless, 

the act of purposefully intervening with the embryo may force children and their social environment to contemplate 

the wider implications and associated goals of this process (Habermas, 2002/2005; Hendl, 2017). In this context, 

I presented different arguments highlighting why parents may be inclined to use genetic engineering even though 

the success of their intervention may be uncertain. Moreover, I examined the literature to determine the content 

and type of contemporary normative gender stereotypes. While the Good-GH predicts the enactment of these 

stereotypes, the Eman-GH suggests dismantling stereotypes by leveling out any gender differences. Table 4 provides 

an overview.  

 
44 The same may apply to any procedure that prenatally reveals the child’s gender to the parents (T. K. Browne, 2017) or 

selects an embryo based on its sex (Hendl, 2017). Yet, I pointed out that in these cases, manipulation opportunities are not as 

widespread as under human genetic engineering.  

Table 4. Hypotheses of Döbler & Carbon (2025) 

 Good-Gender Hypothesis Emancipating-Gender Hypothesis 

Idea People want “well-adjusted” children whose characteristics do not result in 

unnecessary friction with stereotypes. 

People design individuals who deliberately counteract 

stereotypes and eventually shift the feature distribution that 

informs these stereotypes into a more egalitarian direction.  

Why? Women and men are punished economically, socially, and physically if 

they do not exhibit gender-conforming behavior. Stereotypes are seen as 

veridically related to a gendered essence.  

Gender equity is an important issue, and advocates of Human 

Enhancement emphasize its potential to create a better world 

for everybody. 
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Investigating these hypotheses was possible by cooperating with the “Deutsches Museum Nürnberg - Das 

Zukunftsmuseum.” Within this museum, which is about the future and its emerging technologies, one exhibit 

enabled visitors to genetically engineer their virtual “perfect child.” I analyzed the anonymized dataset extracted 

from this exhibit. Within the exhibit, people could first select the child’s gender, followed by appearance and 

disease disposition-related choices. Hereafter, people could manipulate personality and talents like intelligence and 

creativity. Each change costs the same amount of virtual money regardless of the magnitude of change. The final 

dataset to test these hypotheses contained N = 13,641 virtual children. I have no information about the 

sociodemographics of the creating visitors, including their number. Bayesian regression models were constructed 

to test which of these strategies is dominant. Multinomial logistic regressions were calculated to determine if 

children’s values were increased (Prescription), decreased (Proscription), or maintained. Hereafter, Zero-One-

Inflated Beta regressions modeled the outcome distribution of children whose values were manipulated. I then 

calculated expected posterior values for group comparison.  

9.3. Results 

People could choose to maintain the gender the exhibit randomly assigned to their child (random Female = rF or 

random Male = rM) or deliberately pick the gender (Female = F or Male = M). Children were largely relieved 

from disease dispositions and designed with high expressions of valued traits like intelligence. This supports the 

hypothesis that these children are generally designed to live a good life.  

Table 5 shows an overview of found differences across gender. They did not provide conclusive evidence that one 

of the proposed strategies dominates. Yet, comparisons for sensibility, for instance, provided clear evidence for 

enacting contemporary stereotypes concerning expected lower emotionality for males but higher values for females 

(e.g., Koenig, 2018; Prentice & Carranza, 2002; Rudman, Moss-Racusin, Phelan, et al., 2012). A similar pattern 
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was found for sportiness. Yet, enforcing the stereotype that males ought to display more athleticism (Prentice & 

Carranza, 2002) was conditional on whether the gender was picked deliberately. Conclusions were supported, given 

that the probability of changing these features partially mirrored the respective gender-specific pro-/prescriptions. 

Conditional on available resources and initial feature expression, children purposefully designed to be male were 

more likely to get their sportiness values increased than their female counterparts. In the case of sensibility, the 

same male children were more likely to get a value decrease. However, the prescription that females shall be more 

emotional than males was not enacted as there was little to no evidence for a likelier increase in sensibility for the 

former group. Absent differences in conscientiousness and intelligence in children with deliberately chosen gender 

pointed more toward nullifying gender differences and counteracting contemporary stereotypes. In general, I found 

evidence that a “perfect” child is designed in partial accordance and discordance with well-defined convictions that 

comprise general and gender-specific evaluations of the to-be-manipulated features.  

9.4. Discussion and one step further 

My findings support the theoretical proposition that “perfecting” one’s child can manifest in small yet decisive 

attunement to social norms and expectations (see Little, 1998; Sparrow, 2007). The fact that normative gender 

stereotypes are a mixture of pro- and prescriptions is reflected in findings on the probability of decreasing certain 

features. Proposed strategies operate with a specific understanding of ‘adapting to improve.’ Instead of being 

designed to achieve meritocratic performance measures, the child is adapted to a gender-specific reference frame 

so that the improvement refers to the goal of living a good life or contributing to a more egalitarian society. This 

dispels the notion that Human Enhancement must always be linked to the quantitative growth of biological 

characteristics (see Döbler & Carbon, 2024; Menuz et al., 2013). Instead, Human Enhancement can also refer to 

an improved fit between the individual and the environment (Döbler & Carbon, 2024; Menuz et al., 2013). The 

following discussion will elaborate on the role of essentialism, potentially significant individual and societal side-

effects, and questions of technological feasibility within this hypothetical scenario.  

9.4.1. Essentially less human females 

Thinking about gender is characterized by a profound essentialism (Butler, 1988; N. Haslam & Whelan, 2008). 

Related expectations constantly bleed into our understanding of biological sex (T. K. Browne, 2017). Thus, I have 

argued that essentialistic beliefs may be a powerful motivator in influencing people’s decisions to manipulate the 

targeted traits (Döbler & Carbon, 2025). Overall, the meaning of gendered traits and behaviors, as well as their 

presumed biological associations, are obtained and stabilized through social interactions and participatory sense-
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making regimented by historized conventions (Butnor & MacKenzie, 2022). These conventions are then justified 

by their alleged essentialistic cause (Butler, 1988; West & Zimmerman, 1987). Given the essentialistic flavor of 

genetic information, collapsing gender differences to an allegedly immutable biological basis is a powerful method 

for complexity regulation (Dar-Nimrod & Heine, 2011). Such reduction to genes alone enacts a hermeneutic 

approach that explains individual variation in phenotype, personality, or the self in terms of related molecular, 

unifactorial cause-and-effect reasoning (Lippman, 1993; Sharon, 2014). This may yield the idea that a pair of 

chromosomes is and always has been suitable to capture the whole gendered identity of a human (Hendl, 2017).  

Indeed, the enhancement-criticizing President’s Council on Bioethics (2003) stated that our male- or femaleness 

is the most defining aspect of our biological condition. However, transhumanists who call for using technology to 

free ourselves from gender oppression also fall for the logic of a biology-based essentialism (Thweatt-Bates, 

2012/2016). I have also briefly discussed the potential fallacy of these assumptions (Döbler & Carbon, 2025): 

Essentialistic thinking is a psychological phenomenon (N. Haslam & Whelan, 2008; Neufeld, 2022; Prentice & 

Miller, 2007; Rothbart & Taylor, 1992). It is a reductionist mode of explaining the extent of similarities across 

groups of entities (Neufeld, 2022; Prentice & Miller, 2007) and must not necessarily conform with what we consider 

the undeniable truth or metaphysical fidelity (Rothbart & Taylor, 1992). The hermeneutic power of available 

information about gender even proves true if the target is non-human (A. E. Martin & Mason, 2022). Considering 

its positive correlation with stereotypes in many domains, including gender (N. Haslam & Whelan, 2008; Saguy 

et al., 2021), psychological essentialism may function as additional justification for the employment of genetic 

engineering to manifest the genetic foundation for adherence or defiance of normative expectations. Even if 

partially undermining the prospect of immutability, this pseudo-essence is still considered rooted in biology and 

deemed pivotal for shown behavior (Döbler & Carbon, 2025). This aligns with the observation that classical 

psychological essentialism is not sufficiently described by referring to an inner feature but must entail the subjective 

beliefs that affirm the causal responsibility, naturalness and inner roots of the assumed essence (N. Haslam & 

Whelan, 2008). Linking the Human and gender qua their sense-making function, an essentialistic gendered Human 

emerges. Yet, if genetic engineering can either be an affirmative or disruptive force for any conceptualization of 

gender essentialism (Döbler & Carbon, 2025), this may also apply to the Human.  

In his seminal article on dehumanization, Haslam (2006) briefly reviewed gender-specific effects, suggesting that 

females are often seen as less human. Novel results support this view. Describing women in animalistic and 

predator-like terms(denying uniquely human characteristics) can facilitate endorsing oppressive, sexist statements 
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(Tipler & Ruscher, 2019). Implicit measures revealed that male participants who associated women with being 

more animalistic were more likely to endorse sexual abuse and were less empathetic to victims (Rudman & Mescher, 

2012). Denying characteristics linked to human nature (mechanistic dehumanization) and animalistic 

dehumanization were linked to misogynistic and violence-affirming attitudes against women (Bevens & Loughnan, 

2019). Mechanistic dehumanization can be triggered by presenting women in sexualized poses and diminishes 

empathy in a hypothetical domestic violence context (Felig et al., 2024). Among young females, dissatisfaction 

with their appearance was positively associated with feelings of autonomy-related dehumanization (Holland et al., 

2021). Moreover, recalling past feelings of appearance-based objectification was linked to experiencing mechanistic 

dehumanization in women (Chevallereau et al., 2021). It seems that to be ascribed or completely identify with the 

essentialistic Human, women must fulfill a range of normative expectations.  

Other studies support this perspective. Martin and Mason (2022) asked participants to rate whether categories 

like race, gender, or disability could be meaningfully applied to moving geometric shapes. When primed to 

anthropomorphize, only applicability ratings of gender were able to predict the ascription of human 

nature/uniqueness associated traits, emotional capabilities, and unspecified humanness. The same publication 

revealed that men are generally less humanized than women and that the humanization of groups was mediated 

by attributing stereotyped gendered traits. The authors explained the former effect through the crucial role of 

communality-related interpersonal traits in evaluating humanness (Chu & Martin, 2021), which are stereotypically 

desired for women (e.g., Bosson et al., 2022; Koenig, 2018). The humanization measure employed by Martin and 

Mason (2022) in this context was adopted from Kteily et al. (2015) and asked for general humanness on a 0-100 

scale. Given the increased humanization of women, this measure seems to reflect essentialistic human nature traits 

that comprise emotional capabilities and “Interpersonal warmth” (N. Haslam, 2006, p. 257). Correlations reported 

by Kteily et al. (2015) support this view. However, other facets of Haslam’s (2006) conception of human nature, 

e.g., “Agency, individuality” (p. 257) can be linked to male prescriptions (e.g., Koenig, 2018; Prentice & Carranza, 

2002). In this context, findings by Formanowicz et al. (2018) suggest that agentic behavior is most important for 

humanness ascriptions. Directly elaborating on these findings, Chu and Martin (2021) showed that communal 

attributes are the main driver behind humanization. While the former study largely depended on non-human 

stimuli, the latter results were present concerning non-human entities like objects, extraterrestrials, and human 

social groups. Other results indicated that communality and agency variables are equally associated with affirming 

or denying humanness of social groups (Kuljian & Hohman, 2023). In the broader Human Enhancement debate, 
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especially adversaries highlight the importance of human nature traits to preserve our humanness (Wilson, 2014; 

Wilson & Haslam, 2012). Given the crucial role of gender and its associated characteristics in determining what 

even counts as human (Butler, 1988; A. E. Martin & Mason, 2022), genetic engineering along the established lines 

of normative gender stereotypes may directly impact the extent to which others acknowledge individual humanness.  

These mechanisms extend to the level of features visitors could manipulate in the exhibit. Because human 

nature, in the sense of Haslam (2006), builds upon communality, emotionality, and open-mindedness, depriving 

the virtual children of sensibility, agreeableness, openness, and creativity endangers them to be mechanistically 

dehumanized. Since lacking communal and emotional traits constitutes an unfulfilled female stereotype, gender 

differences in dehumanization are expected. Prima facie, this concerns Eman-GH females because following the 

adjunct strategy could mean designing female children who, relatively speaking, are neither highly agreeable nor 

sensitive (Döbler & Carbon, 2025). Yet, it is unclear if low and “nonhuman” communality would be based on 

absolute or relative values. In the latter’s case, females are only expected to experience mechanistic dehumanization 

when their communal traits are equal to or lower than the male expressions. In absolute terms, deviating from a 

predefined “human” norm would yield dehumanization effects for both gender, but with a gender-specific effect due 

to the defiance of the female prescription. Minimizing features like intelligence and conscientiousness may manifest 

animalistic dehumanization in the sense of Haslam (2006). However, most participants opted for maximizing 

features, which, theoretically speaking, would not constitute the classical de-humanization (see N. Haslam, 2006). 

Still, Haslam et al. (2008) suggest that elevating persons to a super-powerful status may be a unique form of 

dehumanization. Indeed, people described by favorable yet mechanistic attributes were seen as possessing fewer 

traits associated with a biologically constituted human nature (Utych & Fowler, 2021; see also Phillips, 2023; 

Solanki & Cesario, 2023; Waytz et al., 2015).45 Still, the link between traits that privilege dehumanization and 

their gender stereotypical relation to the essentialistic Human suggests that females may lose this version of the 

Human more easily. Yet, if created as “good,” stereotype-conforming individuals, females may also be increasingly 

humanized.46  

Overall, the link between the essentialistic Human and its gendered derivation seems important. Fierce critics 

interpret the vision of a biotechnologically enacted “postgenderism” (Hughes & Dvorsky, 2008, p. 2) as indicative 

 
45 Someone equipped with “superhuman” rationality but sub-average emotional capacities may evoke a different perception 

than somebody with an average level of both traits (Grewal et al., 2020). 
46 Little (1998) suggested that the stereotype of female beauty is so strong that it renders conforming individuals universally 

“good.” Hauskeller (2013) discusses this argument regarding enhanced, aka universally “better” humans.  
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of a despicable transhumanism that loathes biological sex and desires to overcome the traditional family values 

and physical sexual reproduction (Hartfiel, 2023).47 In a more modest approach, adversaries of genetic engineering 

may find that interventions with our DNA threaten our essentialistic human nature (Wilson, 2014). If the 

expression of this inherent quality semantically overlaps with a historically assumed gender essence, losing gender 

may be tantamount to losing a valued version of the essentialistic Human. This could explain additional resistance 

against these interventions but also suggest a potential endorsement as long as valued gender lines are not 

transgressed.  

9.4.2. Gender as necessity 

The previous thoughts on psychological essentialism elucidate Butler’s (1988) claims that gender has no essence 

but “regularly conceals its genesis” (p. 522). This means that one is inclined to mistake coherent, normatively 

aligned behavior and observed differences as if being caused by an actual inviolable gender essence (Butler, 1988; 

West & Zimmerman, 1987). This is a powerful social force that renders “the authors of gender [to] become 

entranced by their own fictions whereby the construction compels one’s belief in its necessity and naturalness” 

(Butler, 1988, p. 522). If we follow Butler’s assertions that there is no essential necessity in the occurrence of 

gender-specific behavior, we encounter a phenomenon in which the effect or manifestations of contingencies are, 

nonetheless, seen as if being inevitable necessities (for a deep dive into this thought, see Žižek, 2014). The 

effectiveness and pervasiveness of the gendered ascriptions suggest that a boy’s behavior is mistaken to be 

determined by his essential “boyness” and not by the social and individual forces that charge contingent behaviors 

with gendered meaning (Butler, 1988). 

This exemplifies how gender, in general, and stereotypes, in particular, solidify historical contingencies and 

turn around cause and effect (Butler, 1988; Žižek, 1989/2008). The biotechnological enactment of contemporary 

gender stereotypes may operate with a similar mechanism. If employed for creating Good-GH children, an alleged 

primordial, “natural” truth is realized. Although gender identity is linked and retrieved from a series of historical 

and contingent facts, the alleged essence appears necessary and inevitable in determining the occurrence of these 

facts. The child must align with the stereotypes because these stereotypes necessitate their own cause: their 

enactment (see Žižek, 1989/2008). In this sense, people who opt for the biotechnological enactment of gender can 

 
47 Hartfiel’s arguments must be considered with care. She does not only viciously attack transhumanism but also sees 

contemporary movements for the acceptance of LGTBQ+ rights as a manifestation of this ideology. Even if marginalized in 

the academic sphere, her positions have the power to influence the public discourse. After all, her book can be found in the 

“Ethics” section of the seminary library of the Archdiocese of Bamberg 
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immunize themselves from any accusation of committing an unnatural act by simply arguing that they were giving 

nature a jump-start. They have simply realized what “‘will have been’ necessary” (Žižek, 2014, p. 146).  

Even if hypothetical parents did not act upon essentialistic beliefs or were simply interested in minimizing 

friction for their offspring, biotechnologically creating children in accordance with normative gender stereotypes 

and leaving a tangible genetic trace serves as further justification for the alleged essentialistic foundation of the 

latter (Döbler & Carbon, 2025). We may even go as far as to state that the same mechanism may underlie potential 

Eman-GH children. Following the transhuman logic of dismantling gender’s “ontological necessity” (Thweatt-Bates, 

2012/2016, p. 86), we do not encounter a transfer from contingent to necessary but an “undoing” in the sense of 

Žižek (2014, p. 161): the necessary is reverted to the contingent and treated as if always have been that way.48 

Genetic engineering can potentially extinguish features that we experience as profoundly gendered. But it can also 

reinforce and embrace them, rendering boys and girls into what they allegedly always have been.  

9.4.3. Parental expectations 

My results show that visitors largely designed children free of disease predispositions. Although such conduct still 

evokes criticism, the general value of good health seems to foster increased moral admissibility of genetic 

engineering for intuitively health-related outcomes (Jedwab et al., 2020; Scheufele et al., 2017). Given the potential 

benefits, Caplan (2009) asked why the majority of parents should be barred from using certain enhancements for 

their children just because some misguided parents would abuse these means to overboard their children with their 

expectations (for a discussion of this argument, see Resnik & Vorhaus, 2006). Caplan may have fallen for what 

Ihde calls “illusion of neutrality” (Ihde, 1990, p. 164, original italics), the idea that a technology itself is neutral 

and that there are only “bad” or “good” use cases (Selinger, 2015).49 It is illusionary because it is impossible to 

separate the technology from its application: the functional employment and resulting mediational effect 

automatically valorize the technology (Ihde, 1990). Technologies are reciprocally embedded into the dynamic socio-

material contexts of preexisting normative conventions, rules, and customs (Coeckelbergh, 2018; de Boer, 2023; 

Döbler & Bartnik, 2022). One heuristic to assess a technology’s moral valence builds on predicting the most 

apparent actions in a given context and the subsequent evaluation of desirability (Klenk, 2021). Caplan (2009) 

acknowledges this by calling for a case-by-case evaluation. 

 
48 See also the transhumanist project to enhance our life span, i.e., the urgency to negate or at least delay the only necessity 

humans as living organisms inevitably face: dying (Hauskeller, 2016).  
49 E.g., “‘Guns don’t kill people. People kill people’” (Selinger, 2015, p. 205).  
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However, once employed, the technologically created possibilities, e.g., in prenatal diagnostics, demand a series 

of decisions from everybody involved (Schmidl, 2022; Verbeek, 2005, 2011). Transhumanism champions individuals 

to make autonomous decisions about Human Enhancement (Bostrom, 2003b). But we must not forget that in 

social contexts, choices are often already made for us but required to be affirmed by us (Žižek, 1989/2008). This 

elucidates how displaying gender “right” is conceived as ‘historically necessitated’ (Butler, 1988) and subjected to 

power-related social processes (Butnor & MacKenzie, 2022). Any deviation from the historical pathway may be 

perceived as threatening the constitutive pillars of contemporary gender relations (Rudman, Moss-Racusin, Glick, 

et al., 2012). You may explore some aspects of gender atypical behavior; it may be sometimes even beneficial (C. 

L. Martin et al., 2017). But if you want to exploit the whole range of gender’s “performative fluidity” (Butler, 1988, 

p. 528), physical, social, and economic punishments are likely (Judge et al., 2012; Kochel et al., 2012; Rudman, 

Moss-Racusin, Glick, et al., 2012; Stotzer, 2009). In other words, “if you make the wrong choice, you lose freedom 

of choice itself” (Žižek, 1989/2008, p. 186). The choice of which gender one enacts in which way is made for you, 

but must still be freely affirmed by constraining deflections to a sufficient minimum. Respective decisions, including 

those about the use of pregnancy-related technology, are not only inescapable (Ihde, 1990) but also reflect and 

result from contemporary and bygone sense-making activity in attunement to experienced gender normativity that 

manifests at all levels of conscious access (Butnor & MacKenzie, 2022). Once possible, the question of how to 

integrate biotechnology into gendered expectations must be addressed. 

Thus, I rebut Caplan’s (2009) claim that the responsibility for bad results rests solely on the parents and not 

the technology. Technologies are never neutral but actively and constantly involved in how people make morally 

relevant decisions relative to a specific structure of cultural values (Verbeek, 2011). In a context in which 

essentialistic notions about genes and gender dominate and prevail, and non-conforming to gender stereotypes is 

associated with physical and social harm, parental expectations are likely to be not confined to gender-unspecific 

qualities like health but could be motivated to create a gendered version of their perfect child (see T. K. Browne, 

2017). Hence, the potential ban hinges upon whether the potential biotechnological enforcement or dismantling of 

gender is desirable. 

9.4.4. A straw man? 

It is nowadays trivially true that nature cannot account for any human variation but must always be seen in the 

context of nurture. This limits the extent to which genetic information manifests in phenotypical differences (Dar-

Nimrod & Heine, 2011). Our ability to foresee whether a specific genetic engineering intervention will lead to the 
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intended outcomes or change dispositions caused by multiple genes is extremely limited (Salvi, 2002). For instance, 

the complex temporal relationship between genetic, environmental, and individual factors on personality (Kandler 

et al., 2021) renders reliable genetic manipulation of these features highly improbable.50 This puts significant 

question marks behind the technological and biological feasibility of precise human genetic engineering (Sparrow, 

2019). Is this study investigating a straw man?  

Note how parents’ current efforts to align their children with their values and expectations already aim at 

genetic factors. When picking a sperm donor, for instance, women favor a high educational degree (Whyte et al., 

2016). The attained level of education is heritable but depends on the complex interplay of other variables, with 

varying degrees of genetic influence (Krapohl et al., 2014) and environmental influences (Branigan et al., 2013). 

Assumed causal responsibility of genes and related essentialism can be powerful yet delusive motivators (Dar-

Nimrod & Heine, 2011). Selecting for education is an uncertain bet on the effect of nature over nurture. Using 

genetic engineering similarly is a bet on the dominance of technology over nature.  

In line with my arguments on enhancement motivating subjective beliefs (Döbler & Carbon, 2024; Section 4.6), 

the success of the intervention is only one side of the medal; the question of what parents contemplate doing is 

the other. Answers can discursively establish an imagined practice whose assumed manifestations are used to 

justify regulation or project a favorable vision that political action tries to realize (Coveney et al., 2019; Jasanoff 

& Kim, 2009). Examining how people would use this technology allows us to capture how shared norms and 

laypeople’s ideas of technological potency and biological causality guide parental decision-making.  

9.5. Critical appraisal 

Besides the limitations mentioned in the manuscript, the following criticism must be acknowledged. The use of 

“adaptation” in the context of the Eman-GH is not necessarily in line with the naturalistic and organismic 

understanding of adaptivity (see Di Paolo, 2005) or its social manifestation (see Maiese, 2022) but more akin to 

the meaning that emphasizing the location of the intervention in contrast to the manipulations of the environment 

(Döbler & Carbon, 2024). Still, if adapting the environment is the goal of following the Eman-GH strategy, 

adapting the child to meet designer-imposed demands is the mechanism to achieve this. Moreover, applying 

technology prenatally makes it impossible for the organism to conduct the intervention. Adaptation conducted by 

 
50 Drawing from various arguments, including the influences between genotype and environment, Agar concludes that adapting 

the former is morally comparable to adapting the latter (Agar, 2014). See Sorgner (2015) for a similar conclusion concerning 

education and genetic engineering.  
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external authorities is inherent to any intervention that involves an embryo. Hence, both strategies adapt the latter 

to the demands of the parents. 

The political agenda that resonates within the Eman-GH is highly controversial and, in principle, even opposed 

by Savulescu (2001). Nonetheless, as the cited thoughts on abortion practices show (e.g., Hendl, 2017), childbirth 

is hard to isolate from any political gender-related circumstances. Still, future research should investigate political 

considerations within individual reproductive decisions and genetic engineering.  

People disagree on whether the moral and ontological status of the embryo is the same as a post-birth human 

(Pardo & Calvo, 2008). The functionality of Human Enhancement can also be applied to embryonic genetic 

engineering (Döbler & Carbon, 2024). Still, if we want to maintain the emphasis on the Human, this study 

investigated potential-future-Human Enhancement. Yet, due to the length of the manuscript and the exhibit's 

focus, the term Human Enhancement does not appear in the manuscript. A more substantiated link to my previous 

research might have been helpful.  

Considering the absence of any information about the visitors, I discussed several motivational foundations for 

adhering to one of the hypotheses. Future research must address to which extent the shown behavior is grounded 

in prevention reasons or more associated with pronounced essentialism.  

9.6. Conclusion 

It does not require strong genetic determinism to acknowledge the nimbose character of genetic engineering. Like 

no other means, it reveals how Human Enhancement relies on using technologically constituted agency to enact a 

specific normativity of adaptation into the individual. Apart from significantly shaping the personality-based pillars 

of individual identity, these effects can transpire into the alleged essence of the Human. Even if deemed overhyped, 

discussions about genetic engineering can reveal dominant and overly confident naiveties about reliably 

determining our biological condition (see Ihde, 2011a). For now, the idea alone has the potential to inspire visions 

about whether the enforcement or dismantling of the essentialistic gendered Human is deemed necessary. If so, one 

might not only discard a profound pillar of our social organization (see Saguy et al., 2021) but also a constitutive 

element of our identity as humans.  

10. A return to the Garden  

Wilson and Haslam (2009) argue that advocates champion a Human primarily characterized by allegedly unique 

human features such as rational and intelligent behavior. According to them, this reflects an Enlightenment-
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inspired approach to ourselves, while adversaries, in their emphasis on a valuable human essence and emotional 

capabilities, orient toward a Romanticism-leaning reading.51 However, the advocates’ desire to transgress the 

Human may be similarly linked to romantic ideals like self-transformation as to enlightenment views of privileging 

rationality and self-determination (Coeckelbergh, 2017). This highlights how transhumanist virtues of rationality 

are just a proxy for conveying utopian visions of a harmonious and self-transcending being (Hauskeller, 2016). 

Romantic dwellings are often characterized by the effort to reinstate a shattered primordial harmony 

(Coeckelbergh, 2017). Especially advocates frame Human Enhancement as potentially eliminating the unfavorable 

circumstances of our existence (Hauskeller, 2013, 2016). Adversaries, however, sometimes fear that specific 

enhancements may infringe on existing harmonious relationships (Buchanan, 2011). Yet, in both cases, arguments 

dwell upon creating or maintaining a particular harmonious relation with the environment and its technological 

components (Coeckelbergh, 2017). 

Due to the general “precarious” existence as a living organism (Di Paolo, 2005, p. 439), awareness of our “being-

at-risk” (Coeckelbergh, 2013, p. 44), or “lagging behind” socio-technological and political developments (Stiegler, 

2022, p. 27), humans seem always required to make use of their agentic adaptivity. If we suspect that human 

agency is inseparably linked to human technology (Ihde, 1990), what role do we assign to the effort to 

technologically adapt ourselves within our longing for harmony? Here, Ihde (1990) is probably correct that by 

contemporary standards, returning to an actual life with no technology, aka the Garden, is highly uncomfortable. 

Nonetheless, the unfulfillable goal to fully incorporate the technologies’ capacities without being reminded of their 

origin, the attempt to eat the technological cake and have it, may still inspire paradisical or catastrophic visions 

about embodied technology's negative or positive effects (Ihde, 1990). Calling out the technological reenactment 

of the well-known dwelling upon harmony and limitation-transgression, Ihde states that: “The technofantasy is to 

have this enhancement be so totally transparent that it becomes us …. to have and to be the power embodied” 

(2011a, p. 127, original italics). Broadly culturally speaking, this manifests along the poles of building culture 

around nature or heavily relying on technology to shape nature according to the demands of culture (Ihde, 1990). 

These ideas may work similarly to so-called “sociotechnical imaginaries,” which are meant to politically propagate 

a projected techno-societal organization and a normative path for related developments (Jasanoff & Kim, 2009, p. 

120). Suppose our engagement with technology is characterized by an inherently impossible phantasmatic element 

 
51 See Allenby and Sarewitz (2011) for a similar diagnosis, and transhumanist Max More (2013b) for affirming that 

transhumanism is rooted in the movement of Enlightenment. A critical analysis is provided by Simon (2019). 
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(Ihde, 2011a), fueled by the constant strain we experience in relation to the socio-material environment (e.g., 

Coeckelbergh, 2013). Assume further that we can re-conceptualize the idealized (pre-technological) Garden, which 

was lost in the Fall as a state of “primordial unity and harmony” (Žižek, 2014, p. 49, original italics). If now 

adaptivity concerns actively creating a trajectory into a desirable future by achieving or maintaining a valued 

state in relation to environmental demands (Di Paolo, 2005), adversaries and advocates must attune their vision 

of human-technology relations to the constant change that is the side effect living in a technologized environment. 

This leads to two questions. First, if adaptation seems necessary, how do adversaries and advocates want us to 

adapt? And second: If the tempting, lost Garden is stable and pre-determined, is adapting ourselves the only way 

to attain it and restore the lost harmony?  

10.1. Adversaries  

Critics of Human Enhancement are not automatically anti-technology in general. Still, seeing the rapid 

advancement in biotechnology and Human Enhancement unfolding on the horizon, skeptical voices (e.g., Agar, 

2014; President’s Council on Bioethics, 2003) deemed us at the edge of critical regulatory decisions.52 Potentially 

losing a valued human nature through intrusive technology would be so catastrophic that the adversaries’ positions 

may be summarized as “dystopic” (Sharon, 2014, p. 7). By projecting a dystopian future, adversaries implicitly or 

explicitly draw upon a more favorable state, one that comprises some “natural” (e.g., President’s Council on 

Bioethics, 2003) or simply the not-so-bad current state (Davies, 2017).53 The valued state can be primordial 

concerning today. Yet, the present in relation to the feared future can also be described this way. 

If worried about the potential loss of the Human, no strict return happens because the undesirable point from 

which we ought to return has not been reached yet. However, one could also understand return as initiating a turn 

because the chosen path is anticipated to lead to a disastrous state. A more radical reading would be that the 

precious state has already been lost. Pessimistically speaking, one could argue that the rapid advancement and 

adoption of biotechnology rendered the grim prediction Kass (2003) issued over 20 years ago (“Human experience 

under biological intervention becomes increasingly mediated by unintelligible forces and vehicles, separated from 

the human significance of the activities so altered” p. 22) factual or at least much closer to realization (cf. Sharon, 

2014). Because we are free to define the valued state from which biotechnology has allegedly dissuaded us, any 

 
52 Transhumanists propose a comparable urgency to accelerate Human Enhancement (e.g., Bostrom, 2005b) up to the point 

where we reach out for divinity (Hauskeller, 2016). 
53 This argument does not require a profound dystopia yet may gain persuasive power when evoking it. 
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technology can be relatively disruptive compared to the pre-defined state.54 Since radicality and the associated 

magnitude of enhancement are always relational to a historical baseline (Cassioli & Balconi, 2022), even an 

established vaccine can be seen as radical compared to when this enhancement was unavailable (Döbler & Carbon, 

2024). Very broadly, adversaries value a specific state because it lacks the allegedly corrupting technological means 

or practices and is subsequently primordial to them. The emerging picture then justifies adaptive reactions for 

return. This is visible in the repugnance against invasive embodied means whose adoption would annihilate a 

valued bodily ‘purity’ (Coeckelbergh, 2013). Moreover, bioconservatism sometimes argues that Human 

Enhancement may interfere with the contemporary carefully tared and worth conserving harmony between a 

presumed human nature and valued aspects of our social organization (Buchanan, 2011).  

Wilson and Haslam (2009, 2012) and Wilson (2014) proposed that the effect of Human Enhancement on 

attributed humanness may depend on the to-be-enhanced feature. They cited the findings of Riis et al. (2008), 

showing that people oppose the enhancement of traits they deem pivotal to their personal identity, and argued 

that the overlap between these traits and those deemed highly indicative of human nature explains the adversaries’ 

aversion to alter them. Recently, the finding that the perceived fundamentality of target traits moderates 

enhancement evaluation received additional support (M. Haslam et al., 2021; Medaglia et al., 2019; K. Wagner et 

al., 2018).55 Nevertheless, the moral gravity of what we consider central to ourselves may not be purely repulsive. 

Riis et al. (2008) also found weak evidence that framing an enhancement as uncovering a “true” self rather than 

extending it can ameliorate enhancement reluctance. Appealing to essentialistic beliefs, this effect shows the 

motivating but also discouraging role of authenticity in the Human Enhancement debate (see Elliott, 2011; 

Hauskeller, 2013). Using cognitive enhancement drugs can yield lower ratings of authenticity by observers (Fitz et 

al., 2014). Yet, people may see their own enhanced performances as reflecting their morally justifiable “true” and 

authentic level of capabilities, while the performance of peers is considered as technologically altered and thus 

more reprehensible (Williams & Steffel, 2014). These results suggest that criticism implicitly favors not the return 

to the pre-technological but the specific pre-enhancement Garden. However, if the enhancement does not transgress 

but helps to establish or maintain valued boundaries, it may actually contribute to a harmonious co-existence 

between humans and their technological products. 

 
54 E.g., “in the eyes of a hunter-gatherer, we might already appear ‘posthuman’.“ (Bostrom, 2005a, p. 213) 
55 Results of Medaglia et al. (2019) dependent on distinguishing between enhancement and treatment and whether the imagined 

target of the intervention was oneself rather than somebody else. Wagner et al.’s (2018) scenario asked imagine the intervention 

being done to one’s own children. 
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Indeed, Buchanan (2011) argued that the bioconservative dogma of harmony conservation does not necessarily 

discard enhancement efforts but may actually endorse them. One example: Arguments against Human 

Enhancement often seek to protect and maintain a valued state (Buchanan, 2011). For many people, being in good 

health is such a state (Lau et al., 1986). Individual conceptions of this state’s constitution vary so fundamentally 

that they are associated with affirming or rejecting all kinds of contemporary and future health-promoting Human 

Enhancement (M. Browne, 2018; Döbler & Carbon, 2023). However, desiring to maintain the current state of 

health or human nature may necessitate using controversial enhancements like genetic engineering (Powell, 2015). 

Moreover, the success of past technological efforts to increase life expectancy may at least require additional 

argumentation of why future interventions may disrupt human identity (Pugh et al., 2016).56 Similarly, the 

contemporary valued state may have emerged through enhancement in the first place. Individual critical attitudes 

toward vaccination cannot prevent the widespread distribution of this enhancement, creating societal effects that 

benefit the hesitant individual (Bärnighausen et al., 2014; Buchanan, 2011; Döbler & Carbon, 2021). If one justifies 

vaccine rejection due to a feared disruption of valued assets like personal identity or the Human, both concepts 

may refer to a state that is so beneficial because of widespread Human Enhancement.57 We must reject the idea 

that there is a “natural” state of health untouched by technology and Human Enhancement.58  

This hints at a larger predicament for passionate adversaries. In their study, Bain et al. (2006) report that, 

compared to categories like “middle-class,” rules (e.g., “cheating”), or activities (e.g., “hunting”), affirming or being 

able to comprehend human values like being “humble,” “enjoying life,” living an “exciting life” or “freedom” (p. 356) 

were rated as being the most indicative of human nature. Moreover, values linked to human nature were considered 

more important than these other concepts, but were seen as somewhat constructed and not “natural.” The 

expression of these values concerning their relationship to technology demands closer attention. Is not partying, 

including the instrumental use of psychotropic substances and human-enhancing alcohol, one possible way to enact 

the value of living in excitement? What about the freedom to choose the ways we adapt our bodies (see Sandberg, 

2013)? I am not claiming that values and technology are tantamount. Yet, technologies are valued because of their 

fundamental and constituting role in our activities (Klenk, 2021; Verbeek, 2011), so their influence on our valued 

 
56 Infamously, this may comprise the biotechnological enhancement of moral capabilities for climate protection (see Persson & 

Savulescu, 2012; Pugh et al., 2016). See Buchanan (2011) for a similar argument on vaccination. 
57 See Cassioli and Balconi (2022) and Menuz et al. (2013) for Human Enhancement definitions that take into account dynamic 

baselines based on historical enhancements and other developments.  
58 Such “natural” state probably never existed within the human civilization (Ihde, 1990). See Sharon (2014) for a critique of 

how adversaries inconstantly argue with “nature” to reject Human Enhancement. 
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being is pervasive (Coeckelbergh, 2013). Even if this means valuing something because of the absence of technology 

(Ihde, 1990). Supposing that the composition of some of these technologically mediated and constituted values 

yields what people understand as indicative of an essentialistic human nature, we might ask to what extent 

adversaries of Human Enhancement seek to protect an immutable Human produced by the means they want to 

banish. This perspective extends common arguments that naturalize Human Enhancement (see Hauskeller, 2013, 

2016) in the way that before claiming that some enhancements will disrupt our “natural” ways of doing things 

(e.g., President’s Council on Bioethics, 2003), we should examine how the abstract notion of “natural” human 

agency in everyday settings is constituted by technologies and the systems they are integrated in (Allenby & 

Sarewitz, 2011; Verbeek, 2014). 

Another example from the biblical Garden may be enlightened here: “male and female created he them” (Gen 

1:27). Adam and Eve’s gender identity was not a result of self-reflection and deliberate authorship, but due to 

divine positing, as some Christian critics of gender theory point out (e.g., Favale, 2022). Even if being Christian 

is associated with more skepticism towards some types of Human Enhancement (Pew Research Center, 2016b), 

previous thoughts on the biotechnological enactment of normative gender stereotypes (Döbler & Carbon, 2025) 

suggest that seeing certain traits as essentially gendered but also bemoaning that a secular counter-revolution 

neglects this primordial truth, the return to what was pre-given may need biotechnological aid. We can extend 

this ambiguous relationship to all sorts of gendered phenomena. Take, for example, the prescriptive stereotype for 

females to maintain a gender-congruent appearance, expressed through having a specific body shape and wardrobe 

(Koenig, 2018) or being generally concerned with their looks (Prentice & Carranza, 2002). Females also face more 

negative social consequences due to obesity (Tang‐Péronard & Heitmann, 2008). Note how historical and modern 

technological weight-loss commercials specifically target women (Blaine & McElroy, 2002; Rasmussen, 2012). 

Assessing the motivations to use prescription drugs without medical necessity among college students showed only 

one significant gender difference: female participants were more likely to have used these means for weight-loss 

(Cruz et al., 2017). Additionally, wearing make-up is a historically solidified embodied technology for enacting 

gendered ideals (Clarke & Bundon, 2009). Make-up can increase physical attractiveness (Kellie et al., 2021) but 

undermine the female prescription of warmth and even reduce ascribed humanness (Bernard et al., 2020). In all 

of these cases, the goal may be the naturally beautiful stereotype-conforming “true” woman (Hauskeller, 2013; 

Little, 1998). Here, the desired “natural beauty” is sometimes inconsistently framed as exclusively achievable by 

artificial cosmetic procedures and means (Hauskeller, 2013). In this vein, Hauskeller also suggested that the same 
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logic of equating female “trueness” to “goodness” applies to humans in general. Given the extensively discussed role 

of gender and humanization, we can affirm this proposition and claim that Human Enhancement can be crucial 

for the “correct” female gender display, which may result in complying with the essentialistic gendered Human. 

Still, the evidence on make-up-related dehumanization indicates that the “true” sometimes results from contrasting 

the “natural” and non-technological against the technologically aided enactment of gender. Nonetheless, the idea 

of a “good” woman as something meant to be achieved or preserved occurs in relation to available enhancements.  

These arguments highlight how technology’s pervasive and historical influence on our being yields the discursive 

obligation to formulate criteria to morally distinguish future from past enhancements (Coeckelbergh, 2013). Indeed, 

with sufficient habituation, the effects of specific enhancements may be taken as self-evident so that we do not 

ascribe any disruptive effects to these established means (Döbler & Carbon, 2024). However, contemporary 

integration does not mean that past effects were undisruptive. This is metaphorically captured in the loss of the 

valued Garden. If the current state really resulted from successfully integrating the profound experience-altering 

power of enhancements that some adversaries criticize (e.g., Agar, 2014), we must question on which grounds we 

condemn emerging enhancements for similar effects (Döbler & Carbon, 2024). This may support the conclusion 

drawn by Buchanan (2011) that conservative positions for harmony and preservation, if taken seriously, actually 

endorse instead of reject Human Enhancement. Instead of seeing the era of Human Enhancement currently 

unfolding (Agar, 2014), such a perspective acknowledges the historical and civilizational role of Human 

Enhancement in a way that nobody could seriously endorse to return to a non-enhancement time (Greely, 2006). 

Since past enhancements, e.g., vaccination, can influence our normative conception of ourselves (Nizzi, 2015), 

viewing diseases as harmless and men and women as essentialistically different may neglect the technological 

conditions that enabled this judgment. In this sense, what adversaries may seek to preserve or return to may be a 

Human partially constituted by historical enhancement. 

10.2. Advocates 

The transhuman claim of seeing technology as generally beneficial (e.g., Bostrom, 2003a; Kurzweil, 2005) and 

arguing that human evolution is far from done (Various, 2013) was called out to be a “romantic” (Coeckelbergh, 

2017, p. 187) or “utopian” narrative that serves as justification to push for trans- and posthumanity (Hauskeller, 

2016, p. 9). These arguments are often enriched by the naturalization of Human Enhancement and the rejection 

that human nature exists or consists of revolting against the same nature (Hauskeller, 2013, 2016). Especially the 

first proposition intuitively counters any desire to return to the pre-technological Garden in the sense of Ihde. 
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However, if the metaphorical and conceptual Garden refers to some harmonious and desirable state (Žižek, 2014), 

the Fall of Man was the initial moment in which the inevitability of death and risk befell our lives; conditions that 

now require amelioration via technological means (Coeckelbergh, 2013). Eager to return to such a state, 

transhumanists promise that “Paradise is attainable [and] [s]cience and technology make it so” (Hauskeller, 2016, 

p. 8, original italics). This may be best visible within the transhumanist vision of the “Singularity.” The infamous 

term denotes the point in time where we — enabled by the exponential growth of human technological capacities 

— finally “transcend these limitations of our biological bodies and brains. We will gain power over our fates. Our 

mortality will be in our own hands” (Kurzweil, 2005, p. 9). A development that “will ultimately infuse the universe 

with spirit” (Kurzweil, 2005, p. 389). As noted by Coeckelbergh (2017), the former quote and the overall flavor of 

eschatology of Kurzweil’s arguments demonstrate a profound propagation of spiritual dissolution. Kurzweil’s vision 

aims to create a perfect condition where we face no existential threats (Coeckelbergh, 2013) and, as also shown in 

his quotes, return to a harmonious relationship with our planet (Peters, 2011). The underlying idea of the 

singularity was framed as a new-age flavored attempt to ‘undo the Fall’ — as the desire to return to a state of 

divine mutual experience, i.e., the Garden (Žižek, 2014, 2021). Desiring unification qua technological singularity 

is not a sine qua non for being a transhumanist (Thweatt-Bates, 2012/2016).59 However, it may still resonate in 

our attitudes toward contemporary technologies. By enabling global connections and transcending one’s identity, 

the internet, for instance, fuels the romantic fantasy of merging into a harmonious digital community, where 

preserving our personal data can be seen as a twisted realization of immortality (Coeckelbergh, 2017; see also 

Hauskeller, 2016).  

The transhumanist dream of technological harmony also manifests within the moderate but still unfulfillable 

desire to create novel absolutely phenomenological transparent devices, i.e., achieving a state in which we have 

access to technologically enhanced capabilities without being constantly reminded that they stem from 

technological origin (Ihde, 1990, 2011a): “the desire for pure transparency is the wish to escape the limitations of 

the material technology … the desire to escape the newly extended body” (Ihde, 1990, p. 75). This is not about 

simply eliminating the physical prevalence of technology but creating an integration so deep that the positive 

effects are absorbed by humans in a quasi-magical way (Ihde, 2011a). In direct reply to Ihde (2011a), transhumanist 

Max More (2011) argues that vaccination is a successful example of such profound integration. One must not be 

 
59 E.g., Sorgner (2023): “visions of immortality belong in the realms of fiction, religion, or psychiatry. … Neither singularity nor 

immortality is near” (p. 28).  
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a fully-fledged transhumanist to desire this close entanglement between emerging technology and humans. 

Empirically reflecting the desire to “own” enhanced capabilities, technological wearables can modulate self-efficacy 

of their users (Rieder et al., 2021). Indicating the preference for a certain unawareness of the technology-in-use in 

the sense of Ihde, customers may especially favor the discrete application of some wearables (Chong et al., 2020). 

Conjoining both aspects, users report viewing these devices as more supportive of their health-related behavior if 

they are experienced as more embodied (Nelson et al., 2024).  

We can extend Ihde’s observation to all sorts of technology. Can we not understand the ethical line that is 

drawn between established practices for cognitive improvement (working out, getting enough sleep) and more 

controversial pharmacological enhancements (Caviola & Faber, 2015) as indicative of lacking pure practical 

transparency because the uncommon material agent evokes doubts whether a good performance was really ours 

(see Mihailov et al., 2021; President’s Council on Bioethics, 2003) and thus may impoverish perceived authenticity 

(Fitz et al., 2014; cf. Williams & Steffel, 2014)? Are not the hopes that vaccination against SARS-CoV-2 was 

charged with one example of using technology to return to a primordial, i.e., pre-COVID state? A goal that unified 

those vaccine critics and proponents, although the former did not want to employ powerful biotechnology to 

eliminate all restrictions. What about the sexual revolution, enabled through hormonal birth-control technology, 

which made the visible and feelable technological boundary of condoms less necessary (see Ihde, 1990)?60 Consider 

also the lingering neoliberal vision of significantly (techno-socially) adapting the working environment and the 

employee to foster mutual harmony between employees and employers (Bal & Dóci, 2018). What about the 

dialectical relationship to nuclear energy, where we simultaneously affirm its destructiveness only to rejoice about 

our untroubled mastery to almost magically solve our energy problems (Ihde, 2011a; Jasanoff & Kim, 2009)? Is 

not the concept of “Technologieoffenheit” [openness to technology], infamously evoked as a strategy to prevent 

climate change, and building on futuristic technologies like efficient synthetic fuels and nuclear fusion primarily a 

longing that seeks the benefits of pre-industrial times in which humans and nature were not captured in a disastrous 

dance of reciprocal mutilation without sacrificing any of our industrial living standard?61 If advocates pose humans 

as different from technology and nature yet see the former as in charge of both (Sharon, 2014): What better way 

to re-affirm this human exceptionalism than by enforcing harmony upon the powerful things we created?62 

 
60 Note how the aversion against hormonal “unnatural” contraception suggest a desire to return to more “natural” methods 

(Alspaugh et al., 2020).  
61 For a respective call written by the Senior Principal Scientist of Shell(!), see Wilbrand (2022) 
62 The desire to fully master technology may be impossible (Ihde, 1990). 
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However, even if seeing the current technologically enabled state as desirable, transhumanists are not satisfied 

yet. For instance, progress within transhumanism’s central project of prolonging the human lifespan still has room 

for improvement (Hauskeller, 2016). Although pre-Covid life expectancy was constantly increasing (Dattani et al., 

2023), transhumanists still struggle with the unavoidability of death (Coeckelbergh, 2013; Hauskeller, 2016). Since 

Human Enhancement merely transforms risk, the transhuman project of creating a perfectly balanced and safe 

state will most likely fail (Coeckelbergh, 2013). This is a self-created entrapment grounded in the underlying 

premise according to which the moral value of a successful enhancement follows a continuous positive ‘more-is-

always-better’ function (Agar, 2014). As argued by Agar, this forces transhumanism to constantly reach beyond 

the current state, propose novel “amendments to the human constitution” (More, 2013a, p. 450), and push for 

increasingly more technological development (e.g., Bostrom, 2003a). Transhumanists’ aim for “perpetual progress” 

(More, 2011, p. 140) may be melioristically motivated (More, 2013b), but Agar’s analysis highlights the instant 

outdatedness of any technological improvement. As Sparrow (2015, p. 232, 2019) put it, following the advocates’ 

vision of rapidly producing increasingly powerful enhancements may render those humans enhanced by previous, 

less powerful means “obsolete.” 

Even if transhumanists are eager to deny that progress is certain (More, 2013b)63 and acknowledge potential 

negative consequences (More, 2011), they do shy back from evoking normative urgency to pursue and accelerate 

the development of increasingly potent Human Enhancement (Agar, 2014; Hauskeller, 2016). This way, 

transhumanism installs technoscience and its manifestation in Human Enhancement as welcome redemption 

(Coenen, 2014) to control a naturally impaired Human (Hauskeller, 2016). Here, the reliable and comprehensive 

control of (our) nature can be seen as the final fantasy of a civilization built on the promises of technological 

potency (Ihde, 1979). Achieving this means “we would be ‘one’ with our ‘world.’” (Ihde, 1979, p. 34). The return 

would be complete.  

10.3. Same, same, but different 

The arguments discussed here may be stereotypical and not exhaustive. Yet weaker forms may still shape our 

thinking about Human Enhancement and manifest in psychologically relevant decisions and cultivated behavior.  

 
63 Here, More acknowledges that people use illustrative figures to demonstrate that technological progress is actually happening 

but rejects the notion that this is happening with “genuine inevitability” (p. 10). Yet, as pointed out by Agar (2014), Kurzweil 

draws upon the described figures to convey the inevitability of objective and good growth. His quotes about the proliferation 

of intelligence in the cosmos further highlight the ideal of perpetual enhancement (Agar, 2014). 
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Eye to eye with the transformational and awe-inspiring power of technology and Human Enhancement, our 

capacities appear critically limited (Hauskeller, 2016; Ihde, 2011b). As argued before (Döbler & Carbon, 2024), 

the expected transformational effect of Human Enhancement exemplifies the two-fold attitude to the used 

technologies as something whose capacities are desired but embodied material presence is deprecated (see Ihde, 

1990, 2011b). This characterizes risk-focused accounts that seek to eliminate the technologies’ negative effects 

without sacrificing the obtained benefits, as well as technology-affirmative approaches that seek to enlarge the 

latter but are nonetheless displeased by the technological dependency (Ihde, 1990). Here, the lesson learned from 

postphenomenology is the constant individual, cultural, and practical negotiation of our relationship with 

technology based on the encountered capabilities (Ihde, 1979, 1990). Adversaries and advocates share the 

fundamental humanistic ontology of separating humans from technology and merely dispute whether technology 

threatens the Human or can be reliably mastered by us (Sharon, 2014). In doing so, they must find a way to 

harmonize the relata of this relationship in one way or another.  

Ihde (1990) sees human attitudes toward self-created technological power constantly oscillating. A quote from 

Wagner’s Parsifal (1882)64 may elucidate his position further: “Die Wunde schließt der Speer nur, der sie schlug 

[The wound is only closed by the spear that struck it].” Technology causes adverse conditions, e.g., climate change. 

The often proposed solution (e.g., Persson & Savulescu, 2012) to the soaring threat to our existence is more 

technology and more Human Enhancement (Coeckelbergh, 2013). Any ideology builds upon creating a harmonious 

totalization of social relationships that is effectively undermined but also perpetuated by its limiting conditions 

(Žižek, 1989/2008). Being no exception, it becomes visible how especially transhumanism propagates an 

“identification with the [technological] aggressor” (Spreen, 2018, p. 53, my translation) to realize related techno-

salvational fantasies, which promise a return to the lost Garden (Hauskeller, 2013). This concurs with the 

observation that desiring the technology's capacities “is simultaneously a desire for a change in situation — to 

inhabit the earth, or even to go beyond the earth — while sometimes inconsistently and secretly wishing that this 

movement could be without the mediation of the technology” (Ihde, 1990, p. 75). In part, this also applies to the 

adversaries. Even if committed to retaining the concept of human nature, adversaries must realize the profound 

dependency of our current condition on the technologies and enhancements we created and use (Coeckelbergh, 

2013; Döbler & Carbon, 2024; Ihde & Malafouris, 2019). In this sense, the projected transformational power of 

Human Enhancement inflicts a blatant and unbearable wound upon what has been created by the same means. 

 
64 Žižek frequently uses this quote. I will borrow elements of his 1989 interpretation at the end of this section. 
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Striving for novel ways of integration and transformation at a much deeper level, others view the wounding means 

as the spear meant to accomplish the healing. Still, both positions need the open wound to justify their ideological 

approach to structuring the relationship between humans, nature, and technology (see Žižek, 1989/2008). They 

need to see technology as something external and separated from the Human (Sharon, 2014). Only then can the 

spear be discarded or cunningly wielded.  

This implies the need to negotiate our relationship to what we posit as external to us. Human adaptivity is 

one way to autonomously and agentically regulate ourselves in relation to the socio-material environment (Virenque 

& Mossio, 2024). If a breakdown in adaptivity implies a “disharmonious activation of conflicting adaptive 

mechanisms” (Di Paolo, 2005, p. 440), then successfully exercised adaptivity implies harmony. For the adversaries, 

an all-too-extreme technological manifestation of technologically aided adaptivity risks losing what they consider 

worth preserving. This valued state is partially created and maintained by a history of Human Enhancement. 

Thus, if propagated at all, adapting ourselves should be constrained to preserve a desired contemporary state and 

subsequently detain a trajectory that endangers this state (i.e., initiate a return).65 This reflects Di Paolo’s (2005) 

classical understanding of adaptivity to prevent crossing a significant boundary. It is adaptivity in the spirit of 

preservation. On the other side, we find the advocates for whom the adaptation of ourselves means to pursue a 

deeper integration of technology into humans, i.e., paving the way toward a desired future state.66 Similar to the 

adversaries, adaptivity is seen as the capability to prevent a specific state, but this state is not a contemporary 

valued one, but one of cessation. Evading it requires a much more creative and radical approach. This is similar 

but not confined to adapting humanity to reach the desirable end of its evolutionary process, i.e., a neoliberal 

society (Stiegler, 2022). It is adaptivity for advancement.  

Operating with abstract hopes and fears alongside practical examples, both extreme attitudes toward Human 

Enhancement converge toward an all-too-familiar motive of returning to a mythological primordial state of 

maximized socio-material harmony. This is why one could link both positions to the intellectual history of 

Romanticism (Coeckelbergh, 2017). However, the uncomfortable truth for adversaries and advocates may be that 

the Garden is some “primordial unity and harmony which never existed, which is just a retroactive illusion” (Žižek, 

2014, pp. 49–50, original italics). Even the most classical “natural state” of social harmony, described by 18th-

 
65 Strictly speaking, enhancement efforts to ensure the existence of humanity (e.g., Persson & Savulescu, 2012) or maintain a 

specific state of health (e.g., Powell, 2015) fall under this categorization.  
66 One could link the positions of the adversaries to the Good-GH, as well as the goal of the advocates to the Eman-GH (see 

Döbler & Carbon, 2025). Yet, motivations for following these strategies can be manifold, so that resemblance may be confined 

to predicted behavioral outcomes and not the employed line of reasoning.  
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century Enlightenment thinker Jean-Jacques Rousseau, was always meant to be conceived as a hypothetical 

scenario (Graeber & Wengrow, 2022). The fantastic location we want to return to emerges only in hindsight (Žižek, 

2014). The classic psychological example is the famous Spring break study that showed how memories of a pleasant 

event were more positive and a better predictor for the wish to repeat it than the immediate in situ experience 

(Wirtz et al., 2003).  

For the adversaries, this seems alarming. The technological dependency in whatever we do (Ihde, 1990) and 

pervasive influence of Human Enhancement (Coeckelbergh, 2013; Döbler & Carbon, 2024) emphasize the 

impossibility of returning to this phantasmatic destination. Moreover, the employment of emerging technologies 

in the constant effort to redefine ourselves suggests that stopping the potentially post-humanizing activity, 

polemically speaking, seems senseless (Fernández-Armesto, 2004/2005).67 Even if the results will probably not 

match what advocates hope for, humanity seems to already be walking down a path that inevitably leads to losing 

the Human. However, there may be hope. In the following section, I will argue that by taking specific psychological 

processes seriously, they suggest the possibility but not the inevitability of the lost Human.  

11. The possibility of the lost Human  

I have reviewed how humans must constantly adapt in one way or another and how different stances on how to do 

so involve actual, imagined, and projected states whose character is influenced by technoscientific practice. 

Historically speaking, constant engagement with the socio-material world and acquisition of knowledge contributed 

to an ever-changing understanding of ourselves as humans (Fernández-Armesto, 2004/2005). Even recently, it was 

pointed out that the dimensions in which we understand and evaluate humanness may be unstable (Wilson & 

Haslam, 2009). But is there a possible change so disruptive that it heralds the end of the Human?  

I will now attempt to answer this question. To ensure conceptual coherence with the Human Enhancement 

debate, I will employ the more transhumanistic conceptualization where the posthuman is understood as a stage 

succeeding the Human (Midson, 2018).68 Since there is disagreement about the meaning of trans- and posthuman, 

even in the transhumanist community (Sorgner, 2020), I will use the following terminology: a trans-Human is a 

specific conceptualization of the Human. The post-Human entails an identificatory rejection of the Human and 

 
67 Operating with a different conception of the posthuman, Hayles (1999) implies the same point by the ironically meant title 

of her book: “How we became posthuman.” See also Clark (2003). 
68 Cf. Hauskeller (2016) who claims that for some transhumanists, a posthuman is a human with significant enhancements but 

still points out that others want to enhance themselves to the point of non-identifiability. 
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thus its loss. In this sense, the trans-Human preserves categorical identification as human and may be seen as a 

necessary step for completing the path from being human to being post-Human (Sorgner, 2020).69  

This approach differs from what is sometimes called “critical post/humanism,” which focuses on dissolving and 

relocating the established pre-defined boundaries between humans and technology and calls for an intellectual 

movement beyond these categories (Hauskeller, 2016; Midson, 2018, p. 218; Sharon, 2014). As Hauskeller (2016) 

argues, using the following quote, critical posthumanists champion radical self-authorship: “People become 

posthuman because they think they are posthuman” (Hayles, 1999, p. 6). Sharon (2014) classified Hayles and other 

authors like Donna Haraway as proponents of a posthumanism, which is characterized by the proposition that our 

understanding of being human is radically open, in constant movement, and influenced by advances in science and 

technology. Posthumanists like Hayles claim that human and posthuman identities are comparable constructions 

(Hauskeller, 2016). Thus, Hauskeller (2016) uses the second quote of Hayles (1999) to demonstrate that the key 

point of her conception is to see the post-human as “a point of view” (p. 2), that entails “new models of subjectivity” 

(p. 4). Because the posthuman in posthumanism should be understood metaphorically (Hauskeller, 2016), Hayles’ 

(1999) posthuman does “not really mean the end of humanity” (p. 286) but, as expressed in this quote, enunciates 

the overcoming of a humanist version of our self-understanding (Midson, 2018). This is linked to propagating a 

politically emancipating understanding of our identity, which captures our lived experience as humans more 

veridically (Sharon, 2014). Thus, this version of posthumanism is concerned with purposefully losing one Human 

but not the Human (Sharon, 2014).  

My account, however, takes the possibility of categorically ending our psychological species self-concept 

seriously. I do not seek to argue for an intellectual shift but to describe the psychological processes that lead to 

(non-)identification with the Human. Hence, I am not entertaining a specific conception of the post-Human, for 

instance, as “an amalgam, a collection of heterogeneous components, a material-informational entity whose 

boundaries undergo continuous construction and reconstruction” (Hayles, 1999, p. 3; for this and other definitions, 

see Sharon, 2014). Yet, I acknowledge that postphenomenological ideas theoretically incline to dissolute any strict 

boundary between humans and technology and propagate the posthumanist idea that humans are not masters 

over nature (Ihde & Malafouris, 2019; Sharon, 2014; Verbeek, 2011). This also pertains to the idea that 

technoscience can significantly influence our subjectivity (e.g., Hayles, 1999). However, any conceptual overlap 

 
69 The prefix “trans-“ denotes not only the goal (‘trans-cendence’) but also the status of being a ‘trans-itional’ step (Sharon, 

2014).  
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with my approach concerns the starting point of my analysis and not the end. Like critical posthumanism, I touch 

upon collectively shared understandings of the Human. Although I exemplify this by focusing on the essentialistic 

Human, my analysis should suit any other conceptualization of our species self-concept. Because I focus on how 

individuals relate to and affirm/reject this psychological sense-making structure, I elaborate on the post-Human 

and not posthumanism. 

However, there is a problem. In Döbler & Carbon (2024), I have expressed my support for the position that 

technology in the broadest sense and, therefore, Human Enhancement is indivisibly linked to our individual self-

experience and human being (see Clark, 2003; Coeckelbergh, 2013; Ihde & Malafouris, 2019; Rosenberger & 

Verbeek, 2015). Respective positions argue that “technology cannot be de-humanizing … because it is at work in 

the very humanization process of the human” (Sharon, 2014, p. 108). Or that: “Technologies, to be short, are not 

opposed to human existence; they are its very medium.” (Rosenberger & Verbeek, 2015, p. 13). In reference to the 

latter quote, I rejected the idea that Human Enhancement, in general, endangers our being as humans (Döbler & 

Carbon, 2024). While I still support the idea that the loss of the Human is not an inevitable result of accelerated 

enhancement efforts, my initial argument demands further qualification and fine-tuning to answer whether 

something that constitutes our being can also disrupt it. I elucidate this alleged contradiction by recalling the 

Human’s contingency and flexibility (Hauskeller, 2013) as well as the described mechanism of perceived collective 

continuity (see Sani et al., 2008). As argued, semantics of the Human are produced and embedded in technological 

activity and enacted by individuals who have adopted them. In that sense, arguments highlighting the historical, 

Human-constituting influence of Human Enhancement operate with one version of the Human, where integrating 

the semantics produced by our (technoscientific) activity is and was successful. Yet, just because we have made 

sense of us today and created the conceptual basis for humanity’s perceived collective continuity does not mean 

that the category or its content itself is immutable (see Hauskeller, 2013). Even if some argue that humans are 

able to adapt their identity to enhancement-induced change (Buchanan, 2011), the whole point of the Human is 

that “the predicate ‘human’ is itself a human classification, … so that my continuing humanity depends on the 

elasticity of the currently prevalent image (or images) of the human” (Hauskeller, 2013, p. 126). Thus, the 

humanization argument describes a historical process leading to the current time in which we still identify ourselves 

(enhancement-using) humans. It is a snapshot of our current sense-making in relation to the preceding sediment. 

But previous integration does not necessarily ensure future persistence (cf. Buchanan, 2011; Pugh et al., 2016). If 

it meets its sense-making limitations, updating or discarding the Human may be required. The contingent flexibility 
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of the Human provides conceptual resilience to ensure continuity. But it is also the foundational mechanism for its 

possible loss.  

11.1. What comes after the Human? 

It should be clear now that the adversaries’ opposition to Human Enhancement partially builds upon the fear of 

losing relevant semantics of the Human (Wilson, 2014). In that case, adopting the human identity constituted by 

these semantics seems impossible and the underlying continuity is broken (Buchanan, 2011). Such radical change 

in being human — possibly creating a post-Human progeny, but also the feared loss of humanness — contains a 

reflexive process that results in denying one’s humanness (see Rose, 2018). Hence, any post-Human must be able 

to identify as non-human. Otherwise, any discussion about the prospect of noticing the emergence of post-

Humanity ends in an epistemological deadlock. Thus, the post-Human self-concept may operate similarly to the 

sense-making function of the Human, as proposed here and by Hauskeller (2009). It is a flexible psychological 

structure arising from the organismic separation from the world and meant to integrate semantics about one’s 

being to effectively engage with a normative socio-material world and manifest in conscious self-identification.  

The emergence of the non-Human-self may result from the slow and aggregating production of new, not 

integrable semantics or the re-evaluation of old ones (Agar, 2014; Buchanan, 2011). As Human Enhancement must 

be considered partially unreliable with respect to the factual outcome (Döbler & Carbon, 2024), it may accidentally 

produce yet to defined semantics that are impossible to integrate into a given conception of the Human. The result 

is “a future populated by [post-Human] beings with whom we [as humans] can identify only nonveridically” (Agar, 

2014, p. 200). From the perspective of the changed being: “only after what I have become can no longer be aligned 

with the vague and changing ideas that people have about themselves as humans, I am human no longer” 

(Hauskeller, 2013, p. 126). In a similar vein, Buchanan (2011) argued that biotechnologically induced generational 

alterations of widely shared characteristics (his understanding of human nature) may hinder the continuous 

identification with past generations and thus yield the emergence of a new species, aka the post-Human. If we 

abstract these thoughts from the alteration of “objective” features, to subjective endorsement of Human semantics, 

the resulting “new conceptual-explanatory scheme in which the concept of a human being was replaced by that of 

a posthuman” (Buchanan, 2011, p. 120) is then subjected to interpersonal evaluation and collective sense-making. 

Results of this process will determine whether the identification as non-human is legitimate or a case for a 

psychiatric facility as in the case of Lycanthropy (Section 5.1.1). If the group of people becomes large enough and 

identifies a common link between them, the new concept becomes the basis for a new, individually adopted and 
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enacted post-Human perceived collective continuity. To speak with Ihde (1990), making sense of the individual 

embodied microperception of myself happens in relation to the culturally and collectively shared sphere of 

cultivated macroperception, which is populated by the different semantics concerning the Human. This topography 

of meaning resulted from past sense-making activity with and without technology. It is from this relation that 

identification as human or post-Human emerges. Losing the Human is not about re-filling it with semantics while 

maintaining the general identification but about the emergence or loss of semantics that necessitate a categorical 

and comprehensive break in identifying with what we consider “truly” human. 

On a cultural level, the post-Human refers to a present understanding of the Human insofar as it entails the 

impossibility of seamlessly integrating it into its own historical continuity (Simon, 2019).70 The “normal,” everyday 

manifestation of this would be the psychological phenomenon of what is commonly called “self-discontinuity.” This 

denotes feeling detached from an earlier state of self, e.g., due to significant life events (Sedikides et al., 2023). 

Emerging conflicts between established and novel identities can encourage embracing or re-negotiating past and 

novel group membership (Iyer et al., 2008). Similar processes can occur on the level of national collective identity, 

where discontinuities to a positively perceived past and continuities to a negative one may threaten integrated 

valued aspects of the individual (Roth et al., 2017). Although comparable, the discontinuity is more than a 

detachment; it is an identificatory rejection of being human. It is thus more fundamental than “normal” breaks 

humans experience in their lifetime.  

Given the capacities of Human Enhancement to shape our bodies and mediate our experiences, my approach 

(Döbler & Carbon, 2024) points in a similar direction as the argument of Agar (2014) that contemporary humans 

cannot identify with the experiences of beings whose capacities are largely different from ours. However, unlike 

him, I do not derive any statements about moral desirability from this observation. Nonetheless, his idea that 

significant enhancements yield “transformative changes” (p. 8) is useful here. These changes mean that those:  

evaluative frameworks we apply to our lives—and to the rest of the world—are significantly altered. We place 

different values on characteristically human experiences, beliefs or achievements prior to the change than we 

do after it. This change seems warranted by changes to the state of our minds and bodies. (Agar, 2014, p. 8) 

 
70 Bostrom (2013b) draws upon the childhood analogy to discuss the implications and character of such a potential break in 

continuity (cf. Agar, 2014). 
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Let us evaluate Agar’s subsequent conclusion that these enhancements may risk “to end the existence of its human 

subjects” (2014, p. 56). This is an issue of what is commonly called “numerical identity,” i.e., the endurance of 

something as a persisting entity, and is opposed to the aforementioned narrative identity, which also denotes how 

we socially and consciously narrate this process of endurance (Wilson, 2014). According to Wilson (2014), the 

quote above and Agar’s overall position draw upon an understanding of numerical identity that grounds the human 

persistence as the same person (Wilson calls this “personhood,” p. 249) within psychological aspects like 

autobiographical memory. Yet, Wilson postulates that psychological numerical identity and narrative self-

continuity are geared by the same psychological mechanisms. He also affirms Agars’ (2014) proposal that tampering 

with autobiographical memory may endanger our individual personhood. Wilson (2014) also reviewed the already 

mentioned findings on the two notions of humanness and their implication for dehumanization (e.g., N. Haslam, 

2006; N. Haslam et al., 2005) and claims that merely being a Homo sapiens does not necessitate being ascribed 

with personhood and thus ‘full humanness.’ To emphasize this distinction, he contrasts the psychological 

personhood-understanding of numerical identity with a biological one (see DeGrazia, 2005; Wilson & Haslam, 

2012). Wilson then links the latter to organismic persistence and calls it “humanhood” (2014, p. 249). I largely 

concur with Wilson’s observation about the psychological link between numerical and narrative identity. Still, I 

want to formulate terminological criticism. By calling the persistence as the same biological entity “humanhood” 

and claiming that being a Homo sapiens and alive satisfies this ascription, Wilson elevates biological statements 

to semantics of our self-concept. Humanhood in the sense of affirming our identity as belonging to the group Homo 

sapiens thus, has the same functional status as any other contingent approach to the Human (see Hauskeller, 2009) 

and is already part of our narrative identity. Even if Wilson eventually acknowledges the mutual relationship 

between human- and personhood, he does not explicitly address the meaning of “human” as part of our narrative 

identity. Nonetheless, he implicitly does so by briefly mentioning that the ascription of humanhood entails beliefs 

about the possible development of uniquely human or human nature traits. Wilson then claims that being 

attributed personhood means acknowledging the complete presence of these traits. Yet, humanhood is not as 

neutral as Wilson seemed to have in mind but reflects a biological, evolutionary reading of the Human.  

Overall, Wilson (2014) confines his discussion to a more descriptive account of which psychological concepts 

resonate within the Human Enhancement debate and is rather skeptical if a radical identity break is really possible. 

Nonetheless, his account allows for a more nuanced understanding of how different conceptualizations of the Human 

are seen at stake. Drawing from the mentioned insights on (de-)humanization and self-continuity, I will extend 
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Wilson’s theoretical propositions. Yet, instead of only focusing on the aspect that people dehumanize each other, 

I will elaborate on the mechanisms how these processes may influence individual identity, how Human 

Enhancement may evoke them, and how related results influence not only our individual self-continuity but also 

the collective one. The latter aspect seems especially important in light of the argument that Human Enhancement 

may be objectionable if irreparably discontinuing our meaningful and historical connections to other people (Pugh 

et al., 2016). But how does such a disconnection occur?  

In his book, whose title calls to “Reject Radical Enhancement,” Agar (2010) distinguishes between humans and 

non-humans based on differing capacities. This, however, is only half of his argument. The final step of 

posthumanization occurs because these differences are the reason that those significantly enhanced have little to 

no interest in procreating with humans. According to Agar, such attitudes constitute psychologically grounded 

“reproductive barriers” (2010, p. 21), whose presence indicates the separation of species. This biological approach 

to the Human as a species resonates with the romantic practices of the already mentioned Chachi people. Chachi 

are expected to follow rigorous and heavily enforced monogamy and confine their choice of spouse to Chachi, i.e., 

“true humans” (Praet, 2014). In short, Agar’s post-Humans are the results of a psychologically mediated and highly 

selective mating behavior causally linked to the radical enhancement of beings who used to be members of the 

human species.  

The advocates’ position on humanness suggests that quantitative growth in uniquely human characteristics 

(e.g., intelligence) poses no threat to our sense of humanness (Wilson & Haslam, 2009). Yet, Bostrom (2013b) 

suggested that the post-Human was solely based on significantly having longer and healthier lives or greatly 

improved cognitive/emotional capacities. He also noted that a mere change in our self-understanding cannot give 

rise to the post-Human (cf. Hayles, 1999) and claims that the post-Human must emerge from “radical technological 

modifications” (Bostrom, 2003b, p. 6). In direct response to this quote, Agar (2010) agrees on the matter of self-

authorship but emphasizes the importance of (intelligence-related) self-views for mating decisions and any so 

resulting species separation. I partially agree. Even if Buchanan (2011) argues that post-Humans are characterized 

by the collective and qualitative modification of our skill set, it is not enough to have these capacities; we must 

relate them to our individual and collective identity — we must “own” them. If a technological change in the body 

leads to a radical break in our conception of what it means to be human, this is the result of an interwoven 

hermeneutic process that is composed of the mutual influence of embodied existence, to-be-integrated enhanced 

capabilities and social affirmation (see Clark, 2003). The “owning” refers to the individual identification with the 
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produced semantics (see also Agar, 2014). Bostrom (2013b) partially acknowledges this in his attempt to sell the 

benefits of Human Enhancement by drawing a rich picture of how it may benefit the reader’s experiences as a 

post-Human and his statement that these altered capabilities may not put an end to our being human because 

the meaning of this concept could be successfully adapted. 

The evidence that people are not solely relying on species membership in their ascription of humanness (Phillips, 

2022, 2023) and its performative accessibility (Praet, 2014) may support Agar’s (2010) idea of psychological 

reproductive boundaries. Yet, I am also reluctant to adopt his strict biological, sexuality-based understanding of 

the post-Human. His thoughts may be relevant to the solidification of intergroup boundaries. Still, there must be 

some semantics integrated into my self-conception that yields an irreconcilable reproductive barrier. Agar 

acknowledges this so that the post-Human starts with a relational non-identification with the Human as a sexual 

partner, which then sets in motion the subsequent demarcation process.71 Nonetheless, these processes critically 

presuppose a change in self-conception. 

Agar and Bostrom both argue that a post-Human self-conception may entail semantics in the form of novel or 

enhanced capabilities, which then lead to the re-valuation of our experiences. Concurring with Hauskeller (2013), 

I locate the possibility of the post-Human within the outcome of the underlying adaptation process. Hence, I agree 

with Bostrom and Agar but emphasize the sine qua non role of a subsequently changed self-conception as the 

initial moment of the post-Human. Thus, my successfully enhanced post-Human emerges after obtaining the 

capacities and relating them to ourselves (cf. Bostrom, 2013b) but before the intervention may lead to a specific 

evolutionary trajectory based on reproductive behavior (cf. Agar, 2010). Similar to Hauskeller (2013), I locate its 

emergence at the contingent moment where an identification with the similarly contingent version of the human 

is impossible. 

The preceding discussion yields a straightforward hypothesis: The post-Human comes after the Human insofar 

as novel, technoscientifically produced semantics necessitate that individuals cannot identify with its perceived 

collective continuity anymore. The post-Human is the embodied affirmation of the disjunction. The moment an 

individual or group of humans identifies with the post-Human, the Human was lost for them, and the perceived 

collective continuity was broken. But how does it get lost?  

 

 
71 This process requires that the respective radical enhancement is applied extensively. If below the critical mass, individual 

families that reject procreation with ordinary humans will simply cease to exist. 
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11.2. Dehumanizing till the post-Human 

One way to conceptualize the loss of the Human is by linking Human Enhancement to being dehumanizing. This 

means that examples of this practice are believed to undermine whatever makes us human (Wilson & Haslam, 

2009). Adversaries fear that identification with the essentialistic Human becomes impossible once those traits they 

deem indicative of it are seen as irretrievably corrupted by technological intervention (Wilson, 2014; Wilson & 

Haslam, 2009, 2012). Deprived of critical aspects of human nature, evaluated beings appear not identifiable as 

humans anymore (N. Haslam, 2006). However, strictly speaking, orthodox essentialism is unidirectional. Thus, the 

essence is meaningfully linked to observable features, but an intervention with the latter does not touch the former 

(Neufeld, 2022). Nonetheless, interventions that target traits associated with human nature are considered ethically 

suspicious and potentially dehumanizing (Wilson & Haslam, 2009), up to the point of yielding a continuity- and 

identity-breaking catastrophe (Wilson, 2014).  

Seeking to preserve traits associated with human nature, adversaries may be especially concerned with 

preventing mechanistic dehumanization (Wilson, 2014; Wilson & Haslam, 2009, 2012). If, for instance, the 

President’s Council on Bioethics (2003) argues that Human Enhancement will impale the character of human 

activity, the subsequent deprivation of autonomy characterizes a loss in what is seen as constitutive of the 

essentialistic Human (Wilson & Haslam, 2009). Approaching this issue from the empirical angle, recent hypotheses 

have suggested that visible cybernetic enhancement, mood, or cognitive enhancement drugs can trigger social 

dehumanization effects in the sense of Haslam (2006) and thus negatively impact social interaction (Castelo et al., 

2019; Grewal et al., 2020).  

Transhumanism partially considers Human Enhancement as means for achieving “true” humanness (Hauskeller, 

2013). This implies that any prior state is less-than-true and manifests by asserting that the current human 

condition is critically impaired (Hauskeller, 2016). Here, prominent transhumanists were accused of relying on 

“dehumanising [sic], mechanistic language (perceiving humanity as something akin to a bug-ridden computer 

system)” (Thomas, 2022, p. 156). The fact that transhumanists use this rhetoric supports the idea that they 

conceive the Human as more related to those traits that render it allegedly unique, so that interfering with these 

traits will not result in de- but ‘superhumanization’ (Wilson, 2014; Wilson & Haslam, 2009, 2012).  

As argued before me, the potential for dehumanization, either in a humanness-depriving or transcending way, 

is a common trope in the Human Enhancement debate. Since my research program is less interested in metaphysics 

and more concerned with the subjective factors that steer Human Enhancement and its effect on our identity, the 
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discursive role people assign to their conception of humanness and identity must be scrutinized. Selection of to-

be-enhanced features in concert with the adopted perspective on humanness may determine the character of 

expected dehumanization and thus explain the adversaries’ and advocates’ positions (Wilson, 2014; Wilson & 

Haslam, 2009, 2012). My conceptualization of the Human as individually adopted yet intersubjectively affirmed 

(Section 5) emphasizes the role of social interaction for its potential loss. Indeed, social processes can influence the 

semantics of the self (Stetsenko & Arievitch, 2004) and the Human (Bastian & Crimston, 2014). Building on 

previous propositions by Wilson and Haslam, I re-examine the empirical evidence on dehumanization and examine 

to what extent related phenomena can really contribute to a break within our identity. 

11.2.1. Empirical results on dehumanizing enhancement  

Putting the hypothesis of dehumanization-triggering implants (Grewal et al., 2020) to the test, Jost (2024) found 

that visible modifications of the face can indeed diminish humanness ratings.72 This effect was strongest for 

modifications of the eyes and was not dependent on disclosing any implant functionality. Yet, Human Enhancement 

consists of more than implants, inciting a cyborg association. Castelo et al. (2019) directly assessed dehumanization 

due to cognitive enhancement. Results suggest that people were less inclined to enhance their cognitive abilities 

due to an assumed deterioration of emotional capabilities, increased perception as robot-like, and subsequent social 

stigmatization. However, the authors examined respective effects by aggregating ratings on different technological 

means like genetic engineering, pharmacological enhancement, brain implants, and smartphone apps. Although 

they include used technology in their statistical models, their reports of post-hoc tests are limited. In one of the 

exceptions, they report that using the brain implant yielded higher dehumanization effects than the smartphone 

app. Noteworthy, an app is unlikely to qualify as Human Enhancement under my definition (see Döbler & Carbon, 

2024), and genetic engineering evokes different concerns than a pill (Schönthaler et al., 2022). Examining the 

Supplementary information of Castelo et al. (2019) reveals that across all technologies, using them in an 

enhancement rather than therapeutic manner was associated with more dehumanization, i.e., less ascribed 

emotional abilities and more ratings as robot-like.73 Moreover, people using the enhancing Brain chip were seen as 

robot-like as those using a pill or genetic engineering. Hence, these effects are not solely caused by the association 

between robots and electric devices like cybernetic implants. Additionally, framing the intention of the 

enhancement effort as being prosocially motivated nullified the dehumanization effect, thus questioning the extent 

 
72 Jost’s work was conducted as a Bachelor thesis. He is currently preparing a manuscript publication. Participants explicitly 

rated perceived humanness.  
73 The latter effect was not found regarding the smartphone app. 
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of the latter beyond perceived non-communality (Castelo et al., 2019). These results inspired the hypothesis that 

dehumanization via visible enhancements occurs due to diminished perceived interpersonal warmth (Grewal et al., 

2020). Sattler et al. (2023) found that people indeed evaluated a hypothetical co-worker who used pharmacological 

cognitive enhancement as less interpersonally warm and discussed whether this could yield the mechanistic 

dehumanization effects as hypothesized by Grewal et al.  

As mentioned in Section 9.4.1, dehumanization processes may bear significant consequences for the social 

evaluation of children whose features were genetically adjusted. This may be primarily because of the crucial role 

of gender associations for humanization in general (Butler, 1988; A. E. Martin & Mason, 2022), especially the 

female-prescribed (Bosson et al., 2022; Koenig, 2018) dimension of communality (Chu & Martin, 2021; cf. 

Formanowicz et al., 2018). As mentioned, Haslam (2006) links being interpersonally warm to his human nature 

dimension. Hence, the cited results provide evidence of how Human Enhancement may threaten the essentialistic 

Human, while also targeting factors we may use to inform our individual identity.  

Apart from directly assessing the link between dehumanization and classical means of Human Enhancement, 

effects of the former were observed along the lines of different attitudes toward vaccination against SARS-CoV-2 

(Ballone et al., 2023). However, in this study, dehumanization was modeled to be based on whether people saw 

their in-group as morally different from their out-group, and did not investigate the hypothesis that vaccinated 

persons are perceived as less human because the technological modification was suspected of having altered features 

associated with a human essence. Moreover, it only revealed animalistic dehumanization effects and thus merely 

the denial of allegedly uniquely human characteristics. Closing this gap, Izydorczak and Dolinski (2024) showed 

that those favorable of vaccination animalistically and mechanistically dehumanized non-favorable peers. The latter 

dehumanized the former only if considering favorable human nature traits. These positive features were more likely 

to be ascribed to the vaccine skeptic in-group than to the affirmative out-group.  

If ascribed humanness is not a sole matter of species membership (Phillips, 2022, 2023), transhumanism shall 

lead us to the next step of evolution (Hauskeller, 2016; More, 2013a), and the post-Human can be considered a 

different species (e.g., Agar, 2010), is there evidence that for humans who evaluate other humans, species 

membership itself is up for debate? Not operationalizing dehumanization as denial of associated features, Kteily 

et al. (2015) confronted participants with the famous “Ascent of Man” scale. This is a graphical and ordinal 

representation of Homo sapiens’ ancestors as morphological and evolutionary predecessors to the Cro-Magnon. 

Kteily et al. asked participants to locate different groups of people according to their perceived evolutionary status. 
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Across several studies, the authors found that participants dehumanized humans not only subtly but also by 

explicitly denying out-groups the same evolutionary degree they assigned to their in-group. This so-called “blatant 

dehumanization” (p. 901) was associated with aggressive tendencies against respective groups (Kteily et al., 2015). 

This type of dehumanization has an implicit component and is not necessarily confined to people with illiberal 

ideologies (Petsko et al., 2021). Results on the in- and outgroup perceptions of vaccine skeptics and advocates 

showed that groups blatantly dehumanized each other and that people felt dehumanized in that way by the other 

group (Izydorczak & Dolinski, 2024).74 Since blatant dehumanization was positively linked to mechanistic 

dehumanization (Kteily et al., 2015), technological interventions that are suspected of meddling with traits 

associated with human nature may also yield the perception that other beings are not only less equipped with 

these features but may be treated as a different evolutionary group. If it were impossible for humans to see specific 

out-groups as having a different evolutionary status than themselves, the emergence and acknowledgment of a 

non-animal-like post-Human would be considerably harder.  

Indeed, one of the most dehumanized groups is one of Homo sapiens' closest ancestors: Homo neanderthalensis. 

This manifests in the significant effort to downplay the psychological and cultural achievements of our extinct 

fellow Homo (Fernández-Armesto, 2004/2005).75 The cited evidence exemplifies the main aspect of contemporary 

dehumanization: even if the other may look human, they are not granted the full range of implied capacities (Smith, 

2016). Once again, note the anthropological evidence from Praet (2014). Here, the described communities affirm 

the physical existence and visual similarity of those not belonging to their community but insist that others do 

not qualify as Human. Even if people use perceptual cues to assert the alleged essence and they can stretch their 

categorization to unusually appearing entities (Rothbart & Taylor, 1992), having an anthropomorphic body does 

not inevitably lead to categorization as fully human. Historically speaking, Western conceptions of humanness 

from the fifth to the thirteenth century were conceptually open to include beings with little to no physical similarity 

to modern humans. (Fernández-Armesto, 2004/2005). According to Fernández-Armesto, it was only after that 

that people increasingly tied humanness to a “normal” body. Moreover, he argues that empirically derived 

correlations between physical and mental abnormalities fueled dehumanization processes. More blatantly, 

dehumanization by caricaturing or describing the physical attributes of outgroups in an animalistic way has a long 

 
74 Other as Kteily et al. (2015), the authors did not calculate differences in humanness ascription based on a 0-100 rating scale 

but created a binary outcome, treating values < 100 as evidence for blatant dehumanization. 
75 See also Agar (2010) who argued that the relation of the post-Human to the Human may resemble the one of Homo sapiens 

to Homo neanderthalensis in terms of the mentioned reproductive barriers.  



HUMAN ENHANCEMENT FROM DAWN TILL DUSK   131 

 

history (Eken & Taluğ, 2023; N. Haslam, 2006; Kteily et al., 2015). There is also evidence that people are more 

likely to dehumanize persons with low body height (Kunst et al., 2019). While the latter study did not employ the 

dehumanization scale that captures the denial of traits associated with human nature, a recent investigation found 

mechanistic dehumanization effects on people with physically disabling spinal cord damage (Sitruk et al., 2023). 

Recall the conceptualizations of Human Enhancement as assessed by giving growth hormones to people with a 

related deficiency or a genetic disposition for shortness (Gyngell & Selgelid, 2016). Note further the empirically 

shown benefits of using exoskeletons for patients with the mentioned spinal cord injuries (L. Miller et al., 2016). 

Even if classifying these two interventions as treatment, their technological effect may ameliorate dehumanization 

effects. If advocates are correct in their assertion that Human Enhancement is not dehumanizing (Wilson & 

Haslam, 2009), this may be due to the capacity to yield outcomes associated with a human norm. In that sense, 

the idea of Human Enhancement as means to attain “true” humanness (Hauskeller, 2013) seems not far-fetched.  

In summary, empirical evidence across various types of dehumanization and several technological examples 

suggests that people can perceive enhancement using others as lacking relevant Human semantics. Moreover, 

dehumanization can also entail the denial of an evolutionary status. Even if the opposite effects are also conceivable 

and must be seen in the manifold of Human Enhancement, examining dehumanizing mechanisms allows for 

informed hypotheses about how we will react to beings whose appearance, capabilities or behavior differ from what 

we consider relevant to the Human.  

11.2.2. Self-post-Humanization 

The possibility of losing the Human builds upon a hypothetical change in the individually adopted and collectively 

shared self-understanding of those beings that currently identify themselves with the Human (Hauskeller, 2013). 

However, the evidence cited so far did not address the matter of self-understanding. The extent to which individuals 

perceive their in-group dehumanized by others is called “metadehumanization” (Kteily & Bruneau, 2017, p. 490). 

The self-issued denial of one’s own human characteristics is commonly called “self-dehumanization” (Bastian & 

Crimston, 2014, p. 242). Drawing upon a wide range of empirical evidence, it was proposed that individuals can 

internalize metadehumanization and thus engage in self-dehumanization (Demoulin et al., 2021). Thus, for those 

who consider themselves humans, dehumanizing peer responses may trigger the production (or dismantling) of 

Human-related semantics. 

Demoulin et al. cite, for example, Loughnan et al. (2017), who showed that when women recalled situations in 

which they felt reduced to their bodily characteristics, it led to self-dehumanization regarding traits associated 
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with human nature, as well as less self-ascribed warmth. We can link this to appearance enhancements like Botox 

but also make-up. The latter can trigger dehumanization processes by reducing the ascribed agency of the 

evaluated woman (Kellie et al., 2021). Yet, in this study, participants did not see themselves as less human after 

virtually applying make-up. Nonetheless, feeling increasingly evaluated in terms of physical attractiveness may be 

an important predictor for lasting cosmetic interventions (Calogero et al., 2010). Recall also the potential 

dehumanization of females who fail to meet stereotypical expectations (Section 9.4.1). If one does not perform 

their gender right, and gender is crucial for being ascribed as human (A. E. Martin & Mason, 2022), respective 

individuals may be more likely to affirm the external judgment.  

Further evidence for the internalization of perceived dehumanization was provided for alcohol-abusing 

individuals (Fontesse et al., 2021).76 In this study, self-dehumanization fully mediated metadehumanization’s effect 

on anxious and depressive affects. Another study revealed that employees integrated the metadehumanization 

experienced in organizational settings, making them more likely to self-deny traits associated with human nature 

(Nguyen et al., 2022). Here, metadehumanization was measured by past experiences of feeling instrumentalized, 

and its effect on self-dehumanization was partially mediated by the perceived requirement to modulate emotions 

in accordance with organizational guidelines. Considering the prevalence of exploiting mood regulation substances 

in order to cope with imposed demands (Bagusat et al., 2018), including those met at the workplace (Franke et 

al., 2013), this should raise warning signs concerning enhancement without organizational knowledge but by 

organizational virtue (Döbler et al., 2024). Noticed disparities between individual emotions and organizational 

standards could also be tackled by explicitly prescribing technological aid, which would then be enhancement by 

organizational order (Döbler et al., 2024). This would yield a worrying precedent of how organizational power 

transgresses into the mental realm of their members (see Appel, 2008; Pustovrh et al., 2018) and eventually create 

self-dehumanizing employees. Dobson's findings elucidate this possibility (2020). He showed that feeling 

inauthentic, mediated by a lack of experienced autonomy, can contribute to self-dehumanization as measured by 

the self-assessed ability for cognitive agency and general experience. Moreover, these feelings could be triggered by 

contemplating situations where they experienced little autonomy at the workplace. Given previously found 

concerns that Human Enhancement may impoverish authenticity and autonomy (e.g., Fitz et al., 2014; Sample et 

al., 2020, 2022; Sattler et al., 2022; Schönthaler et al., 2022), intervening with this variable may privilege 

 
76 Using drugs for social skill enhancement (Müller & Schumann, 2011) qualifies alcohol as enhancement. However, 

dehumanization in Fontesse et al. (2021) was tied to pathological alcohol abuse, not sub-clinical “normal” use.  
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dehumanization processes. However, note that individuals may use Human Enhancement to achieve an authentic 

expression of themselves (Elliott, 2011; Iftode et al., 2024; Riis et al., 2008; Williams & Steffel, 2014), which then 

would be beneficial for humanization. 

Self-dehumanization must not necessarily stem from metadehumanization. Recall the mythical Garden, in which 

humans gained moral agency. Further note that individuals who showcase moral superiority and impeccability are 

considered “ideal” but not “true” humans (Phillips, 2023).77 This has interesting implications for enhancing moral 

capabilities, as proposed by Persson and Savulescu (2012). If this creates beings too perfect to be human, 

dehumanization may happen due to the non-embodiment of Human moral imperfection. Yet, post-Human beings 

must not inevitably share our understanding of what is right or wrong (Coeckelbergh, 2013). If we conceive them, 

for instance, as equipped with superior cognitive capabilities (Bostrom, 2013b), we face the possibility that the 

latter must not necessarily correlate with pursuing goals favorable for other beings (Bostrom, 2012; Torres, 2018; 

cf. Ćirković, 2019). On a more tangible level, people evaluated hypothetical invasive appearance-enhancing 

implants as leading to more immorality than physical training (H. Zhang et al., 2024). The level of expected moral 

misdemeanor mediated the effect of enhancement type on assumed identity alterations so that people were assumed 

to change because of their changed moral capacities. The same study showed that using invasive implants to alter 

emotional capacities leads to stronger assumed identity alterations than if aimed at cognitive enhancement. The 

authors explained their hypotheses and results by previous findings showing the subjective importance of emotional 

and moral capacities for individual identity (Riis et al., 2008) and individual self-continuity (Molouki & Bartels, 

2017). Molouki and Bartels (2017) specifically found that people considered a profound, unspecified alteration or 

deterioration in moral capacities or personality variables as indicating a stronger interference with their self-

continuity than memory abilities. Moreover, the disruptive effect was less pronounced when these capabilities were 

imagined changing for the better. Although reflecting laypersons’ attitudes, this has interesting implications for 

any arguments that discuss a self-continuity-breaking effect of cognitive enhancement (e.g., Agar, 2014).  

The crucial role of moral conduct becomes clearer, considering that dehumanization processes and harm 

intentions can be triggered if individuals violate group norms (Kteily et al., 2015; Phillips, 2023). Inspired by the 

proposed role of moral capacities for humanness (N. Haslam, 2006), it was further shown that people who were 

primed to think of one instance where they acted immorally attributed less agentic and emotional capabilities to 

themselves (Kouchaki et al., 2018). The same study also showed that when participants recalled situations where 

 
77 Adversaries often argue that flaws and failure are critical for our human nature (Sharon, 2014). 
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they felt deprived of the full range of human capacities, they were more likely to act unethically. One suggested 

explanation by the authors is that people “excuse” (p. 1244) moral misdemeanors by adopting a dehumanized self-

conception, which, by being less capable of feeling responsible, is also less moral. As discussed further, this research 

partially concurs with other findings summarized by Bastian and Crimston (2014) in their theory about self-

dehumanization mechanisms. According to them, self-dehumanization and humanization are highly interactional. 

They propose that people self-dehumanize as a reaction to being excluded socially or being aware of the harm they 

have inflicted upon others. Bastian and Crimston also argue that being dehumanized can motivate people to 

engage in compensatory pro-sociality. Here, Kouchaki et al. (2018) diverge and argued that self-dehumanization 

can also amplify causing factors, i.e., violation of moral norms. Further testing this hypothesis across several cross-

cultural samples, feeling generally objectified by others was shown to be linked to self-dehumanization (not 

differentiated between animalistic and mechanistic types), which then predicted lower intentions to act prosocially 

(Z. Zhang & Chen, 2024). In addition, feeling dehumanized by one’s organization in concert with a more lenient 

attitude to resolve conflicts can predict revengefulness and, subsequently, deviant behavior at the workplace 

(Stinglhamber et al., 2023). Furthermore, veterans who reported having killed in the line of duty reported identity 

conflicts, social isolation, and described themselves in self-dehumanizing terms. These veterans also partially 

reported that killing strengthened affective tendencies to harm other people (Purcell et al., 2016). In their 

comprehensive approach, Demoulin et al. (2021) acknowledge some of the here-discussed results and install self-

dehumanization as linked to metadehumanization and previous moral misconduct. If a neoliberal environment 

incentivizes illicit behavior, such as engagement with cognitive enhancement drugs (Döbler et al., 2024; Pulfrey & 

Butera, 2013), discussed findings elucidate the possible self-dehumanization to meet market demands as discussed 

in Section 7.4.1. Yet, self-dehumanization is not inevitable (Bastian & Crimston, 2014). Howe et al. (2022) showed 

that if confronted with stimuli that animalized Black persons, Black participants “rehumanized” (p. 258) 

themselves, i.e., reported richer pictures of their emotional capacities and themselves as individuals. Regardless of 

these intricacies, integrating issued judgments and evaluations concerning the lack of humanness into one’s self-

conception highlights the identificatory role of Human semantics. 

Taken together, these findings suggest that diverging morals or values that incline group separation do not 

necessarily stem from technological interventions alone (see Agar, 2014) but are also influenced by past 

dehumanization processes to which I attune my performance of the Human. Self-dehumanization effects based on 

uttered or assumed social judgments may initiate and perpetuate a feedback loop that results in the (self-)denial 
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of relevant semantics but also the perpetuation of the dehumanization-triggering behavior (Demoulin et al., 2021; 

Kouchaki et al., 2018; Smith, 2016; Z. Zhang & Chen, 2024). If post-Human conduct appears highly immoral to 

those identifying as human, group demarcation is further fostered. This would support Moffett’s (2013) claim that 

continuous competition with other groups privileges the emergence and acceleration of group-identity markers. In 

other words, the self-conception as post-Human may emerge by being classified by others as not being identifiable 

with semantics of the Human. Self-identification based on previous or subsequent acting in discordance with the 

same semantics may then facilitate further post-humanization.  

11.2.3. A different value  

The previous section concurs with the idea that, apart from a biologically focused understanding (Wilson & 

Haslam, 2012), human nature can be linked to human values (Bain et al., 2006). This stretches beyond the moral 

realm. Agar (2014) proposed that post-Humans will value experiences and themselves differently than their human 

progenitor and that this will eventually foster group separation (Agar, 2010; cf. Bostrom, 2003c; cf. Buchanan, 

2011). Yet, different from separation over already altered values, I want to emphasize values as a matter of 

constituting the identity of the Human.  

Bailey et al. (2021) showed that besides assuming a biologically rooted essence, people also draw on values to 

determine whether individuals “essentially” qualify as members of groups. Crucially, such an essence-equals-values 

perspective logically dodges the issue of essentialistic immutability but was nonetheless positively correlated with 

beliefs affirming biology-based essentialism (Bailey et al., 2021). This may explain why Haslam et al. (2005) found 

that the perception of personality and values as representative of human nature did not correlate with their 

assumed immutability. Although seen as partially socially constructed, values can be linked to essentialistic 

humanness (Bain et al., 2006; N. Haslam et al., 2005). Bain et al. (2006) revealed a significant correlation between 

ratings on value importance and the belief that they indicate human nature. Furthermore, they showed that 

participants favored the protection of values more passionately if these values were seen as profoundly linked to 

human nature and that this perception could be manipulated. Bain et al. conclude that the concept of human 

nature explains some aspects of how humans establish a hierarchy of values and thus structure their personal 

relation to these values. Valuing and adopting specific values are central to one’s identity (Hitlin, 2003; Sagiv et 

al., 2017; Yue et al., 2022)78 and rely on our current being and existential relationships (Coeckelbergh, 2013). The 

 
78 Cited evidence on value importance relies on the Schwartz Value Survey (Schwartz, 1992). Bain et al. (2006) also used this 

set to obtain ratings on whether selected values were linked to human nature.  
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identificatory role of values is emphasized, considering their link to personality (Parks-Leduc et al., 2015). This 

holds interesting implications for the genetic engineering of personality traits in a way that prioritizes those 

values/personality traits that are seen as indicative of human nature (see Döbler & Carbon, 2025). Under the 

adversaries’ assumption that meddling with what we deem central to our essence enunciates the loss of the Human 

(Wilson, 2014; Wilson & Haslam, 2009), the subsequent emergence of the post-Human may also be the result of 

re-evaluating and re-structuring our psychological essence that is derived from our values.  

Contemporary humans already build parts of their identity around the demarcation from or identification with 

historical values (e.g., national identity, Parekh, 1995). This is a general aspect of the perceived collective continuity 

of groups (Sani et al., 2008). If a disruption in historically shared values could inflict fragmentation on the 

perception of group (species) continuity, a disagreement in adopted values may indeed accelerate differentiation 

between groups, as proposed by Agar (2010, 2014). This may yield an enhancement-induced difference in self-

ascribed value and, thus, a demarcation alongside the lines of species-dependent moral status (Agar, 2014;  

Hauskeller, 2016). This does not necessarily require the futuristic examples as discussed by Agar (2014). If I deem 

freedom central to human nature (Bain et al., 2006) and see an enhancement like vaccination as violating it 

(Ginossar et al., 2022), the latter may appear threatening the Human. Without freedom, we may stop seeing 

ourselves as “true” humans, even though nothing has changed in our DNA.79 It is not about whether a “real” essence 

is changed, but whether the assumption and reactions enact the loss of what was valued.80  

11.3. Cave speculation!  

Cited evidence supports the theoretical position that technoscientific inventions may trigger dehumanization 

processes, which eventually lead to self-dehumanization and personal loss of the Human. Nonetheless, 

dehumanization is not dependent on technological interventions or social interaction but can also emerge through 

widespread manipulations of the environment (Shi et al., 2022). Still, (self-)dehumanization as an aftershock of 

Human Enhancement may demand special attention. This is due to the enhancement’s interference with 

interpersonally relevant attributions (Grewal et al., 2020). If so, it occurs in response to a technological intervention 

done to somebody. These judgments then may be more likely to be integrated due to their emergence being clearly 

attributed to an alteration of myself. 

 
79 Hayles (1999) also claims that it does not take biological alteration for her posthuman to emerge. 
80 This is similar to the view that the moral status of something is constituted by human actions that affirm this status 

(Coeckelbergh, 2023). See also Smith (2016) on the link between perception and action concerning dehumanization. 
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For humans, dehumanization can be an adverse experience (Golossenko et al., 2023), while for any post-

Humans, this could simply be an accurate description. Moreover, it is questionable if post-Humans would consider 

themselves as less human or not just radically different or even superior. Here, the attribute post- could also be 

understood as a humanness-upgrade so that related beings view everybody else as an appropriate target for (self-

)dehumanization (Hauskeller, 2016).81 Additionally, dehumanization neither entails inevitable aggressiveness 

towards the target nor necessarily comprises all traits of the dehumanized individual or group in the same way 

(Over, 2021). Moreover, all reported studies used categorically human participants and applied specific, yet 

reductionist instruments to measure dehumanization.82 Thus, they presupposed identification with what is to be 

denied and are confined to the version of the Human that the used questionnaires reflect. Cited research and the 

phenomenon only map identifying less with one particular conceptualization of the Human (Demoulin et al., 2021) 

and do not address whether people stop identifying themselves as human.  

This critique was also raised against the general phenomenon (Over, 2021). Due to the evolutionary primacy 

of visual inter- and intraspecies recognition, Smith (2016) expresses skepticism about the possibility that people 

can categorically deny the human identity of others. He further argues that this yields a specific type of 

dehumanization where others are seen as metaphysical “monsters” (2016, p. 432), i.e., borderline beings 

characterized by a mixture of human and non- or sub-human features (see also Fernández-Armesto, 2004/2005). 

According to Smith, the latter aspect can also manifest in ascribing superhuman powers. Here, Smith draws on a 

study by Waytz et al. (2015), showing that White persons were more likely to ascribe superhuman and magical 

powers to Black than to White peers. A recent study replicated these core findings with substantially smaller effect 

sizes but also pointed out that the original finding of attributing abilities incompatible with the laws of physics is 

highly suspect of being a methodological artifact and caused by extreme outliers in the data (Solanki & Cesario, 

2023). Interestingly, Praet (2014) also refers to “Monsters” or “Beast (p. 98) to conceptualize how the Indigenous 

communities that conflate group membership with categorical humanness view outsiders. He argues that not 

belonging to the group of Chachi, for example, gives rise to a whole being “incommensurable” with the way of life 

of the Chachi but also “equivalent” in terms of physical appearance (2014, p. 99). Interestingly, many of the 

reviewed communities hold rituals where members may temporarily switch categories, for instance, by consuming 

 
81 In this scenario, there would still be a group separation based on different self-conceptions. 
82 Polemically speaking, we cannot be sure since a manipulation check to determine whether participants consider themselves 

humans is usually not done in psychological research outside solving CAPTCHAs.  
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beer. However, in other communities, the consumption of beer is necessary to qualify as Human (Praet, 2014).83 

Alcohol can be seen as Human Enhancement (Döbler & Carbon, 2024; see also Müller & Schumann, 2011). Here, 

we have the conceptual proof that this Human Enhancement can contingently yield the loss or attainment of being 

Human. Where Smith expresses skepticism, Praet provides widespread anthropological evidence of diverse rituals, 

ceremonies, practices, etc., in which participating members can temporarily lose their status as Humans and 

become Monsters so that they conceptually share no features with Humans.  

Still, it remains speculative whether the described social psychological process can yield the radical result of 

not identifying as being human at all. After all, being post-Human is more than a short-term effect in the context 

of psychological inquiry; it requires a lasting change in self-concept. If we share the skepticism of Smith (2016), 

the process of (self-)dehumanization may be confined to the inhuman and not stretch toward the categorically 

non-human. However, I would rebut that if the other is treated as if being non-human and this behavior resonates 

within social interactions and self-dehumanization, the so enacted reality brings the categorical difference into 

existence and fosters its adaptation by involved agents (see Žižek, 1989/2008). In terms of the (post-)Human “a 

bad ontology may be a useful epistemology” (Gil‐White, 2001, p. 518).  

Cited evidence provides one perspective of how social interaction fosters separation processes on the level of 

the species self-concept. It is understandable if my argumentation evokes disbelief. However, on what ground do 

we assume that the Human and our identification with this category are sacrosanct? Identification entails relation, 

and if we have learned one thing from postphenomenology, then that technology and Human Enhancement shape 

how we relate and experience the world and ourselves on an individual and cultural level (Döbler & Carbon, 2024; 

Ihde, 1979, 1990). Here, self-post-Humanization is considered a process of non-identification. Linking it to the 

potentially dehumanizing effects of Human Enhancement as well as their social embedding, we can hypothesize 

that how we make sense of the way we treat each other, depending on the technology we applied to ourselves, may 

initiate and solidify losing the Human.  

11.4. A historical loss 

I have described psychological processes of how individuals may cease to identify with the Human. However, how 

do we make sense of this possibility in an intersubjective and cultural sphere? And most importantly, what factors 

influence the transition from individual non-identification into a collective endorsement of being post-Human? I 

 
83 Anecdotal evidence collected by the author in Bamberg supports the idea that the extensive consumption of beer can 

deteriorate the perceived humanness of peers. 
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will present tentative hypotheses about how historicized versions of the Human and post-Human may emerge and 

are employed in the Human Enhancement debate.  

The starting point is the claim that the normative sense-making function of the Human serves adversaries and 

advocates as a myth-based justification to motivate rejection or affirmation of Human Enhancement (Hauskeller, 

2016). Such strategic reference to historically sedimented versions of the Human in the Human Enhancement 

debate is widely acknowledged (e.g., Caulfield & Brownsword, 2006; Hauskeller, 2013, 2016; Sharon, 2014; Simon, 

2019). While adversaries seek to protect the current state, advocates may even go so far as to argue that the 

enhanced future human is the “true” one (Hauskeller, 2013, 2016). They, thus, generalize the desirability of 

individual transformation over time (see Molouki & Bartels, 2017) towards the species level. This shows how we 

do not exclusively deal with the self-continuity of a single individual (e.g., Agar, 2014; DeGrazia, 2005; cf. Wilson, 

2014) but collectively orchestrated actions to achieve a more beneficial state of Humanity’s future members 

(Hauskeller, 2016; Simon, 2019). However, being the result of the proliferation of increasingly potent Human 

Enhancement, the post-Human could endanger the continuity of “the universality of human experiences” that allow 

for transgenerational identification, i.e., ending the “human story” (Agar, 2014, p. 200). This opportunity is very 

much welcomed by the advocates (Simon, 2019). For instance, Bostrom (2013b) explicitly claimed that using 

Human Enhancement to become a different kind of (post?)human being is generally favorable. Here, we see the 

transhuman drive to replace a particular historical conception of the Human with a new post-Human one (Simon, 

2019).  

It should be clear now that this idea is controversially discussed. Rejecting or endorsing the underlying 

enhancement goals demands collective action. Here, the necessary socio-political activation builds upon the evoked 

sense of the aforementioned historical continuity of the to-be-activated group in relation to the respective outcomes 

and individual agents (Reicher, 2008). In other words, we must argue that pursuing the enhancement effort will 

benefit or harm ourselves as individuals and ourselves as humans in the form of succeeding generations. This may 

be relatively easy for globally orchestrated vaccination campaigns whose endorsement or rejection likewise can 

promise a ‘back-to-normal.’ But if advocates and adversaries evoke arguments about whether being post-Human 

will be favorable or unbearable (e.g., Agar, 2014; Bostrom, 2013b; Hauskeller, 2013), their arguments require 

contrasting the historical continuity of the Human as worth protecting or necessary to transgress to the unrealized 

post-Human continuity that serves as an additional starting point. Hence, they need to establish two senses of 

perceived collective continuity and navigate the transition from one to the other (see Simon, 2019). The 
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communicative effort to either prevent or accelerate specific types of Human Enhancement is grounded in its 

projected and discursively established causal role that inscribes a welcomed/feared end to the narratively 

established collective continuity of the Human.84 

This continuity appears to be a contemporary success story: Despite all cultural developments and technological 

adaptations, we consider ourselves to belong to the same species as our prehistoric ancestors. The post-Human in 

the human-capability-transcending-based understanding of the term is not here yet (Bostrom, 2013b). The 

dominant collective continuity is the one of the Human. As usual, our individual narrative identity is built, 

contrasted, and informed against this overarching collective continuity (Fivush et al., 2008; Haraldsson & McLean, 

2022; Reicher, 2008; Sani et al., 2007, 2008). This partly happens in the context of the myriad practices 

commemorating past generations and their achievements. These ways of maintaining a psychological, continuous 

connection with the dead and the past are often rooted in material culture (e.g., Krzyżanowska, 2016; Mansouri 

& Shad Ghazvini, 2021; D. Miller & Parrott, 2009; Sani et al., 2008) but also vibrate in social practices and 

institutions (e.g., Reicher, 2008) and shared narratives (e.g., Haraldsson & McLean, 2022; Sijilmassi et al., 2024). 

Yet, these examples may be highly specific and culturally confined. Mapping the entire history of humans seems 

more challenging. Still, there may be some practices that perfectly exemplify the general processes of how we as 

individuals adopt, communicate, and reason with one particular version of the Human.  

So-called “evolutionary epics” denote a genre of literature that identifies significant events within human history 

and attempts to craft a meaningful narrative of its past but also its potential future (Hesketh, 2015; Raipola, 

2022). This genre dates back to the 19th century (Hesketh, 2015), a time when Western scholars began to investigate 

human history as a unidirectional and universal strand (Simon, 2019). According to Raipola, recent examples like 

Yuval Harari’s “Sapiens” (2013) are meant to create a comprehensive, coherent, and expositional historical account 

of humanity’s current state, establish a transgenerational distinctly human “sense of identity and belonging” as 

well as leave “the reader with [a] clear universal story of cause and effect” (2022, p. 221). These epics are not the 

only way humans explore and understand themselves, but may serve as an illustrative example here. In general, 

Raipola (2022) argues that narratives located at the intersection of science communication and folk-psychology 

seek to effectively “discuss entities and processes foreign to our common embodied experience in order to help us 

‘make sense’ of these abstract and complex phenomena” (p. 216). In that sense, they are not a neutral collection 

 
84 Simon (2019) provides a comprehensive macroscale critique of how these processes manifest within a Western-biased 

conception of human history but is not concerned with the psychological mechanisms of these processes.  
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of facts, but have a distinct mythological, norm-conveying undertone (Hauskeller, 2016; Raipola, 2022). By 

exploiting effective communicational strategies to foster identification with acting individuals and generations 

whose experiences are not our own (Raipola, 2022), these narratives are producers and propagators of one version 

of the Human in its sense-making, norm conveying but also continuity establishing function. They do not only set 

a starting point for humanity, but also create the narrative arch of beginning, middle (time of reception), and end 

at a comprehensive historical scale (Raipola, 2022). In this function, the end alters the meaning and interpretation 

of what occurred before (Mishler, 2006). 

This becomes visible in how these narratives project the upcoming evolutionary trajectory of its protagonist. 

Evolutionary epics were and are often explicitly framed as necessary for helping humans to capitalize on their self-

actualization capabilities and — by understanding their place in the history of the earth or universe — transcend 

their current condition (Hesketh, 2015). This is especially evident in Harari’s “Sapiens” (2013), in which he draws 

an evolutionary line from our ape-like ancestors to our almost divine but reckless biotechnologically capable 

successors who must now carefully contemplate the next step for their future (Raipola, 2022). This resonates with 

the Human Enhancement debate, where authors are equally concerned about the “human story” as a “complex, 

multibranched narrative” (Agar, 2014, p. 200). It is this story that transhumanism and related ideologies reduce 

to allegedly necessary evolutionary progression (Hauskeller, 2016; Simon, 2019). This goes so far as to frame past 

and projected technological expansion as a “story of the destiny of the human-machine civilization” (Kurzweil, 

2005, p. 5, my italics). Such causality-conveying narratives reconstruct and enact the Human’s perceived historical 

continuity (see Sani et al., 2008). Any so-established continuity projects into the past and future (Reicher, 2008) 

and does not only establishes the Human’s endurance in time but can be used to project his upcoming 

transcendence (Hauskeller, 2016). Implications of this are observable within the Human Enhancement debate when 

authors naturalize enhancement efforts as historical practice yet emphasize the differing potential of contemporary 

or future technologies (e.g., Agar, 2014; Allhoff et al., 2010; Döbler & Carbon, 2024; Greely, 2006). Especially the 

transhuman essentialistic naturalization of transgressing our limitations (Hauskeller, 2016), establishes continuous 

patterns of behavior as a foundation for the Human’s perceived cultural continuity (see Sani et al., 2008). However, 

the historical and cultural continuity of the practice that shall elevate or impair our current continuity is imposed 

on our ancestors. The current effort is justified not only by utilizing a historical reference but also by narratively 

reshaping the meaning of the same practice as either continuity establishing or breaking.  
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According to Agar (2014), arguing about our progenitors always entails “imaginative interpretation” (p. 199). 

Although admitting that our prehistoric ancestors probably had different experiences than modern humans, Agar 

claims that they would still have identified them as experienced by a human. I only partially support this argument. 

If conscious, these beings, whom we now regard as prehistoric humans, had experiences that they experienced 

themselves. Moreover, our ancestors may have relied on social cues and mechanisms for group- and species-

demarcation so that the group they belonged to could be identified as themselves, i.e., consisting of comparable 

members (Moffett, 2013). However, Agar intended not to highlight the grouping of visually or behaviorally similar 

life forms but to argue for a transhistorical understanding of these beings as humans as linked to ourselves. Agar’s 

position presupposes that our ancestors entertained a similar version of the Human, i.e., shared the semantics as 

we do.85 By proposing the transgenerational existence of distinctly “human experiences” (2014, p. 200, original 

italics), Agar drafts the cornerstones of the common human-focused narrative that revolves around a shared sense 

of values and activities (see Raipola, 2022). This becomes clearer when he proposes that post-Humans will value 

activities and practices differently than we do. However, while our ancestors probably identified their peers, their 

understanding of what it means to be in this group is partially reconstructed to ensure the historical continuity of 

the Human. Hence, Agar is right when stating that “questions about the first human invite human beings to 

speculate about how far they can veridically project themselves into the past” (2014, p. 199). But he fails to 

acknowledge that any identification of these beings as human is already such a backward projection of current 

semantics and knowledge. This shows how the mythological selectivity and sense-making function of the Human 

(Hauskeller, 2009) may yield a diversity-neglecting reconstruction of its continuity (see Graeber & Wengrow, 2022; 

Raipola, 2022) and how the idea that there is some time-enduring historical group called humanity is much more 

ideologically influenced than it seems (Simon, 2019).  

Here, the dispositional inclination and advantage to perceive collective and individual developments as 

continuous (Sedikides et al., 2023) creates the possibility for exploitation (Sani et al., 2008). This is 

comprehensively shown in the emergence, propagation, and psychological function of so-called “historical myths” 

(Sijilmassi et al., 2024, p. 1). Crafted from three components, i.e., “deep” and “ancient roots” (p. 5, my italics) that 

allegedly determine an overlap of relevant experiences and are conserved due to the group’s existence as a 

continuous entity, historical myths can be understood as strategically employed meta-narratives to motivate 

collaborative peer behavior (Sijilmassi et al., 2024). Moreover: 

 
85 Agar’s position, therefore, denies Bostrom’s (2005a) claim that our ancestors would view us as post-Humans. 
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because humans intuitively think of groups as having time-enduring properties, historical events that affected 

some group-level trait in the past—for instance, an important war that has brought country members together 

—can be perceived as having an enduring impact in the present. (Sijilmassi et al., 2024, p. 10) 

Besides a wide range of historical examples, Sijilmassi et al. draw upon already discussed research on essentialism 

and self-/collective continuity as the psychological foundation for their theory. Still, one of the most important 

requirements for exploiting historical myths may be that human self-interpretation is malleable and thus 

conditional on socio-material processes and practices. The examples by Sijilmassi et al. primarily concern ethnic 

and national identities. Still, we may apply this theory to the mythological, norm-conveying function of the Human 

(see Hauskeller, 2009).86 For a social group conception to motivate collective action, agents must provide a 

definition of who is to be addressed (Reicher, 2008). If the Human shall motivate its preservation or transgression, 

fixating it in the form of a historical myth may be beneficial. 

Let us create our own historical myth. Concerning the ancient roots and continuity, we rely on science. This 

way, we can date the first archaeological records of Homo sapiens to ~300kya (Richter et al., 2017) and use 

genotypic information to link these beings to their contemporary kinship (see Fernández-Armesto, 2004/2005). 

This is akin to private DNA-heritage analysis. Through this practice, individuals can explore their genetic heritage 

and biologically connect with myths, narratives, and their family destiny through the power of technoscience 

(Hirschman, 2010). Psychological essentialism builds upon the assumption of deeply rooted shared essence (N. 

Haslam & Whelan, 2008). Evaluating social groups in this regard can correlate positively with the perceived 

collective continuity of one’s nation (Siromahov et al., 2020). In this sense, propagating one version of the 

essentialistic Human seems privileged by this myth component.  

What about similar experiences? Let us join Agar (2014): Albeit culturally diverse, we can easily entertain the 

assertion that similarities in our cognitive and sensory phenotypes yield comparable general phenomenological 

results. Given that underlying processes are seen as shaped by a long evolutionary trajectory, their presence also 

affirms our historical roots. Moreover, humanization can also be expressed as a set of attributed psychological 

features (H. M. Gray et al., 2007; N. Haslam, 2006; Wilson & Haslam, 2012). Thus, the assignment of this label 

 
86 Despite meeting in one of the hottest phases of the Cold War, USSR leader Mikhail Gorbachev assured US President Ronald 

Reagan that he would grant military support in the case of an alien invasion (Charbonneau, 2021; Lewis, 2015). See 

Charbonneau (2021) for a historical perspective on this report and how it inspired universalistic humanistic rhetoric by Carl 

Sagan. The expressed commitment to species unification in the face of external threats shows the rare yet strategic function of 

appealing to the shared basis of being human under the proposed mechanism. 
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further justifies a shared experiential foundation. This concurs with linking “true” humanness to emotional 

receptivity (Phillips, 2022) and, therefore, the general ability to have affective experiences.  

Nonetheless, this historical myth is contingent. We are free to add semantics that are considered necessarily 

human. Maybe a lasting yet endangered human essence that serves as a cohesive foundation for our identity and 

thus defies all differentiation based on visual diversity (e.g., Fukuyama, 2004; Hauskeller, 2016)? Or the observation 

that “the human desire to acquire new capacities is as ancient as our species itself” (Bostrom, 2005c, p. 1), which 

then justifies the transhuman myth that technoscience will pave the way to paradise (Hauskeller, 2016)? More 

neutrally, we could also argue that it is “in our nature” to contemplate how our past will be utilized in the future 

(Reicher, 2008, p. 156), so we should be concerned about determining whether Human Enhancement may endanger 

the latter (Agar, 2014)? All these versions operate with one historized version of the Human to justify enhancement 

conduct and showcase how past contingencies can be meaningfully integrated into a contemporary Human that is 

meant to be preserved or transgressed (see Simon, 2019; Section 10.3). This highlights how, in general, existing 

narrative guiding stones may mitigate enhancement-induced identity interferences (Iftode et al., 2024). If the 

effects of disruptive technology are integrated into a myth, the post-Human may be less likely. Yet, if my myth is 

adamant about what constitutes the Human, disruptions may question the suitability of its main protagonist.  

Similar to the mentioned evolutionary epics, historical myths rearrange information about the past to motivate 

action. They capitalize on the normative and future-oriented sense-making function of selected semantics of the 

Human (see Hauskeller, 2016) and the fact that perceived collective continuity builds upon an assumed strong 

causality of past occurrences (Sijilmassi et al., 2024). Historical myths in the here described sense are used 

whenever transhumanists link the history of humanity to technological mastery over nature, install the post-

Human as a desirable milestone, or when adversaries draw upon past disastrous consequences that arose from this 

drive for control (see T. K. Browne & Clarke, 2020; Hauskeller, 2013, 2016). Enriched with a technoscientific flavor, 

evoked arguments demonstrate how the crafted and retold myths and fantasies refer to our technological 

environment and how various technologies mediate our experiences (Ihde, 2011a). Nick Bostrom, for instance, 

explicitly clothed his call for prolonging the human life span through technology into the shape of a fable, 

portraying death through aging as “dragon tyrant” (Bostrom, 2005b, p. 273). Moreover, Ray Kurzweil (2005) 

provides a series of linear and exponential graphs meant to convey the necessity to accelerate the displayed 
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unstoppable technological progress (cf. More, 2013b).87 He also compares technology to enabling evolutionary 

progress, like the opposable thumb. Thus, he embeds past and future technological developments into an 

evolutionary narrative of progress enriched with spiritual and romantic ideas of the complete dissolution of humans 

into machines (Coeckelbergh, 2017). By framing them as evolutionary iterations, Kurzweil changes the meaning 

of contingent technological breakthroughs as necessary for paving the way for those realized later (see Žižek, 2014).  

This elucidates the strategic employment of the Human. But if we examine his temporal progression toward 

being post-Human (see Simon, 2019), when will it be lost precisely? According to Buchanan (2011), the post-

Humanizing potential of biotechnological enhancements hinges upon their ability to realize a novel quality of 

capabilities. He also suggests that this process may happen ‘cumulatively’ by approaching decisive points-of-no-

return, whose surpassing hinders identifying with past generations. Agar concurs by stating that even if radical 

enhancement was widespread, humanity would not suddenly cease to exist. Instead, we would view a “gradually 

eroding [of] features of ourselves that we rightly value” (Agar, 2014, p. 198). Note in this regard, Hauskeller’s 

(2013) criticism of what he calls “argument from graduality” (p. 124), i.e., the idea that iterative substitution of 

biological tissue through cybernetic substrates does not change the identity of the respective person because of the 

absence of any singular radical transformation. Hauskeller points out that even though identity change may happen 

little by little, perception of the outcome implies the occurrence of change, even without being able to determine 

the exact point when a qualitative change happened. He further argues that this also applies to any change in 

whatever we understand as humanness. Even if not happening immediately, a categorical non-identification with 

the Human may result from slow but unperceived change (Hauskeller, 2013).88 In historical parallel, even Charles 

Darwin admitted that his account of evolution was unable to pinpoint the exact moment when Homo sapiens 

emerged as clearly distinguishable species (Fernández-Armesto, 2004/2005). Fernández-Armesto uses this fact 

within his argument on the contingencies of our species-self-concept and eventual inability to recognize the loss of 

the same. Yet, even if the initial point-of-no-return was initially not noticed, nothing hinders us from positing and 

fixating it at some contingent moment in time (Mishler, 2006; Žižek, 2014) and arguing that it was a specific 

enhancement that has necessarily caused it. 

We can find a similar phenomenon in the construction of our narrative identity, encapsulated and shared in the 

form of a life story (McAdams, 2001; Mishler, 2006). One common strategy to make sense of past adverse events 

 
87 For a comprehensive analysis of the “Mythologies of Transhumanism” and the arguments of Bostrom, Kurzweil and others 

see the eponymous book by Hauskeller (2016). 
88 The association with perceptual change blindness is unignorable (Hamilton et al., 2008) 
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is framing them as alleged necessity to yield positive outcomes (McAdams & McLean, 2013). Mishler (2006) argues 

that so established “Turning points” (p. 38) constitute moments in life that help to make sense of one’s past by 

changing and reordering its meaning. A longitudinal study on the perception of events like relocation, starting 

university, or graduating from high school showed that over 15 months, events gained attributed causality for one’s 

perspective on the world but became less emotionally important (Haehner et al., 2022). Studies like this show the 

mechanisms of how people’s perception of the past is attuned to their current condition and creates a historically 

coherent and continuous self that is expected to prolong in the future (see Sedikides et al., 2023). Similar to the 

historized narratives, we make “the past fit for the future” (Reicher, 2008, p. 145)—at least until reevaluation. 

Related mechanisms also happen on a cultural and species level. Graeber and Wengrow (2022) recently 

examined different theories on human cultural development. According to them, anthropological theories, especially 

those dealing with the emergence of social inequality, explain this state by one of two mythologically charged and 

simplistic narratives: Either by referring to an inherently rapacious human nature that necessitates contemporary 

social inequality or by bemoaning a perished paradise whose loss was similarly necessitated by socio-technological 

developments like agriculture and subsequent population settlements (see also Fernández-Armesto, 2004/2005). 

This paradise cannot be understood in the sense of a pre-technological garden; it is a mythological but forever lost 

state of balance and egalitarian co-existence (Graeber & Wengrow, 2022). Highlighting the role of science in this 

process, Graber and Wengrow show how these different accounts assign new meaning to historical occurrences. 

This resembles other narrative efforts that streamline contingency to necessity and create an outcome characterized 

by a smooth trajectory of occurrences which “‘will have been’ necessary” for the emergence of the present (Black, 

2021; Žižek, 2014, p. 146). The result of trading contingency against definiteness is a historicized continuity of the 

relevant entity that justifies the behavior by aligning the past with the future (Reicher, 2008).  

Psychological theories play an interesting role here. If a theory of action like the famous Rubicon model is 

formulated in 1987 (Heckhausen & Gollwitzer, 1987), its content extends to the past, allowing for a psychological 

assessment of the actual historical event of Caesar crossing the Rubicon. The theory changes nothing about the 

physical relocation of troops that took place in 49 BCE, but re-assigns meaning by positing psychological processes 

to explain the mind of Caesar. In fact, Heckhausen and Gollwitzer explicitly referred to Caesar in their paper. 

Unless psychology rejects the historical continuity of these fundamental processes and thereby dismantles the 

historical continuity of the so-emerging version of the Human, it implicitly claims historical validity and thus can 

change the meaning of the past in terms of the assumed and implied psychological processes (for a discussion of 
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the historical dimension of psychology see Muthukrishna et al., 2021). Interestingly, moral psychologist Jonathan 

Haidt (2013) also uses the Rubicon metaphor to posit the evolutionary development of shared intentionality as a 

key moment for the emergence of group morals. Remember that the ability to enact shared moral values is pivotal 

for attributed humanness (Phillips, 2023). Haidt (2013) further claims that the Rubicon metaphor stands for 

initializing “an unstoppable train of events with momentous consequences,” suggests that “it’s great fun to look 

back at history and identify Rubicon crossings” (p. 237) and subsequently frames these crossings as leading to our 

current bio-social human condition. Despite all the enjoyment, we do not deal with simple retrospection here. 

Instead, such looking back in time is retroactive (see Black, 2021): the allegedly naturally appearing crossings are 

only there because we dared to look from today’s perspective, so that the assertion that the relevant events were 

“unstoppable” is a retroactive transformation from contingency to necessity (see Žižek, 2014). Such reframing 

successfully applies perceived collective continuity and its motivational function: “The more a given construction 

can be represented as self-evident—as necessary rather than contingent—the more convincing it will be”  (Reicher, 

2008, pp. 149–150).89  

Given the social aspect of conveying and affirming the Human, social interactions, historical narratives, and 

personal contingencies provide a constant source of novel information that requires sense-making and allows re-

assessment of the past (De Jaegher & Di Paolo, 2007; Di Paolo, 2015; Haraldsson & McLean, 2022; Mishler, 2006). 

The same is true for technoscientifically produced insights. Here, psychological research is one alternative practice 

that reveals, objectifies, informs, affirms, and disseminates individual experiences about the Human (Fahrenberg, 

2003/2011). So-informed narratives then provide an easy-to-adopt yet partially reductionistic intersubjective 

epistemic ground for assessing reality (Raipola, 2022). If I link essentialistic qualities of the Human to one specific 

genetic makeup, then only science can inform me whether this alleged essence was lost. In that sense, science and 

psychology can create but also shatter humanity on a cultural level. This is especially evident for the infamous 

Freudian “narcissistic injuries” that are said to have fundamentally shaken our self-perception (Fahrenberg, 

2003/2011). As the summary provided by Fahrenberg (2003/2011) shows, psychology (Freud) is hereby granted 

 
89 Note the reception of the famous phrase Ceasar allegedly said while crossing the Rubicon: “alea iacta est!” Perpetuated 

through the “Asterix” comic books, this phrase is often mistranslated as “Der Würfel ist gefallen [The die is fallen]” (Goscinny 

& Uderzo, 1973/2016, p. 5, my translation). Yet the correct translation would be: “Der Würfel ist geworfen [The die is cast].” 

The latter does not imply that history is already decided but is currently and contingently unfolding. The false translation 

suggests that Ceasar was always the historical Ceasar the great strategist, who already knew what would happen (see Žižek, 

2014). Without translating it, Heckhausen and Gollwitzer (1987) use “alea iacta est” to illustrate the passage from action-

planning to post-planning executing phase. Since an undecided and contingent future requires more behavioral adjustment 

than one unfolding according to a pre-manufactured and intended plan, they could have had the wrong translation in mind.  
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equally corrosive potential as cosmology (Copernicus), biology (Darwin), or the potential success in the search for 

extraterrestrial intelligence. In that context, novel information produced by science can bust previous myths that 

emerged by the same means (Fernández-Armesto, 2004/2005; Graeber & Wengrow, 2022). If technoscience, 

including Human Enhancement, co-narrates our past, present, and future (Coeckelbergh, 2017), so produced 

insights may trigger “what goes on all the time, that is, the continuous process we engage in of reconstructing the 

meanings of past experiences and remaking our selves in both small and big ways” (Mishler, 2006, p. 41).  

As an encultured practice, Human Enhancement adds additional content and chapters to the human story. 

However, we should not see the latter as passive knowledgeable documentation of our past but highlight how its 

content must be intersubjectively enacted (see Stetsenko & Arievitch, 2004). This happens by behaviorally 

affirming a history of technoscientific revelations and adaptations meant to address perceived inadequacies — by 

doing Human Enhancement. The produced artifacts and effects may, in hindsight, be integrated as leading to the 

point where we are now (e.g., Döbler & Carbon, 2024) or narratively posed as necessarily having ended our 

narrative continuity (see Agar, 2014). On the cultural level, Simon (2019) argued that the disruption between 

Human and post-Human renders establishing a historical continuity encompassing both conceptions impossible. 

Moreover, he claims that any notion of the post-Human necessarily constructs a historical human meant to be left 

behind. This theoretical proposition and the here cited psychological evidence on how we make sense of our past 

suggests that losing the Human is not only losing a status quo but also reshaping the history that constituted it 

and with which we identify. Yet, it seems unnecessary to form a continuous transition as long as some form of 

connection is maintained. Thus, I do not problematize the possible emergence of the post-Human in the same way 

as Simon but argue that even a story full of discontinuities and radical changes can be reattuned to appear 

sufficiently continuous, similar to how our current life and history does to us.90 Simon may be right from a logical 

point of view, but psychologically speaking, any perceived collective continuity (Sani et al., 2008) is prone to fall 

for any influences that suggest that perception and action are not about objective but enacted reality (Varela et 

al., 1991/1993) and that making sense of ourselves involves constantly reconstructing the past (Di Paolo, 2015). 

Hence, semantics produced by Human Enhancement may indeed endanger our continuation as humans. Thus, 

I reject the position of Fernández-Armesto (2004/2005), according to which our inability to precisely define the 

character of our species identity entails the inability to recognize its dissolution. I also disagree with Clark (2003), 

 
90 Note, for example, how Carl Sagan’s famous accentuation that humans consist of the elements of dead stars (Sagan, 1973), 

creates a continuity of matter in the universe under the explicit acknowledgement of radical breaks.  
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who claimed that the predisposition to embody and integrate the effects of external means renders our self-identity 

indestructible. The Human is contingent, so any present conceptualization may appear as the logical outcome of 

the past. But this is the effect of how we arrange semantics and events to understand and identify ourselves. The 

flexibility of the Human semantics does neither entail that we cannot operate with this concept nor that the 

flexibility of semantics necessitates the inevitable resilience of the concept itself (see Hauskeller, 2013).  

Let us revisit what we have started with: The Fall of Man. Is this not the ultimate historical myth? One that 

condensates our whole experience and being to have emerged from one singular, ground-breaking moment in time 

but also fixates an irrevocably lost past (see Žižek, 2014). How this narrative re-structure the past may be best 

visible in a Hegelian understanding, according to which “what the Bible calls ‘Fall’ is nothing more than the 

passage from animal life to human existence proper. It is thus the Fall itself which creates the dimension from it 

is the Fall.” (Žižek, 2014, p. 42, original italics). Historical myths and evolutionary epics strategically use one 

temporarily fixed Human. In the Human Enhancement debate, they produce what appears necessary to be enacted, 

preserved, or transgressed by the power of technology (see also Simon, 2019). Yet, their contingency and 

functionality create and simultaneously undermine any so conveyed perpetuation. 

Seeing the loss of identification mentioned above in context with how we construct, maintain, and eventually 

renegotiate the collective continuity of the Human, I hypothesize that the emergence of the post-Human can be 

perceived through the lens of a fixated historized collective continuity, whose divergences with the Human may 

result from a gradual process that appears as a sudden break. This may then be attributed to the dissemination 

of a particular enhancement. Thus, the post-Human is not the necessary end of the Human. Yet, it may be 

necessitated by our efforts to make sense of the contingent developments we identified in the cultural and biological 

evolution that appear to have created ourselves as humans. 

If post-Humans can identify themselves, one could generalize these thoughts to beings with comparable 

reflexivity as humans and who try to make sense of the emergence of their categorically differing species self-

concept. In both perspectives, the post-Human includes the lost perceived collective continuity of the Human as 

necessary condition for emergence (see Simon, 2019). It conserves it. Looking back and making sense of what 

happened, the future of the Human appears as the past for the post-Human (cf. Simon, 2019). The historical loss 

of the Human gives rise to the historical post-Human myth.  
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12. Conclusion  

Aiming for effective engagement with a dynamic world forces us to actively and constantly adapt (Di Paolo, 2005; 

Thompson & Stapleton, 2009). The manifested adaptivity is our ability to change to cope with change — it relies 

on making sense of ourselves and the conditions of the environment (Di Paolo, 2005). Thus, the adaptation of the 

environment (Kirsh, 1996) or exercising agency through technology (Ihde, 1990) to adapt and enhance ourselves 

can be understood as a functional attempt to confront imposed demands from various sources (Döbler & Carbon, 

2024). Using increasingly potent technologies for this transformative engagement with ourselves and the world 

harbors profound ethical questions, but also fuels well-known aspirations about transcending our limitations 

(Allhoff et al., 2010). Discussed and researched manifestations of Human Enhancement addressed efforts to protect 

ourselves against physiological threats (Döbler & Carbon, 2023), to meet the demands of “artificial” environments 

like the modern workplace or education system (Döbler et al., 2024), and the extent to which we may rely on it 

to translate purely socially conveyed norms like stereotypes to the physiological level (Döbler & Carbon, 2025). 

Considering technology’s impact on our lives and self-understanding (Coeckelbergh, 2013; Ihde, 1979, 1990; 

Rosenberger & Verbeek, 2015), related adaptivity becomes a matter of establishing a beneficial trajectory, which 

will either lead us to a glorious, technologically enhanced future or maintain a currently valued state of ourselves. 

Yet, as my research shows, reducing the Human Enhancement debate to dystopian and utopian accounts neglects 

the phenomenon’s pervasiveness and how socio-material and ideological contexts already urge and naturalize 

enhancement.  

By bringing forth and significantly shaping our experiences and insights, technoscientific practices, including 

Human Enhancement, can shape the understanding of ourselves and the environment and thus give rise to a 

specific understanding of subjectivity and self-understanding (Döbler & Carbon, 2024; Ihde, 1979; Ihde & 

Malafouris, 2019; Sharon, 2014; Verbeek, 2005). As comprehensively argued, our identity as humans is and has 

been constantly adapted according to past and new semantics. Optimistically, I highlighted some cases in which 

Human Enhancements can help to enact valued semantics. Pessimistically, the Human may be flexible but not 

indestructible (Hauskeller, 2013). Hence, novel ways of technological adaptations of the human body may go too 

far and produce semantics so incompatible that no more sense can be made of the Human. The results may be so 

scandalous that we cease to be identified or identify as “true” Humans. For some, current biotechnologies like 

vaccination or the prospect of widespread genetic engineering may foreshadow such developments. Others seek to 

embrace the increasing capabilities of biotechnology and want to exploit its transformative power. In either case, 
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adversaries and advocates strategically operate with a historized version of the contemporary Human who stands 

in a direct yet somewhat discontinuous relationship with its potential post-Human successor (Simon, 2019). The 

character of this post-Human remains speculative, as does whether it will ever see the dawn of the world. Hence, 

nobody can identify the exact enhancement that renders the Human lost, nor if this loss will ever happen 

(Buchanan, 2011; Fernández-Armesto, 2004/2005). Thus, the psychological mechanisms described here allow for 

a careful glimpse into the possibility of the lost Human. Even if we enhance those capabilities deemed central to 

human nature, the post-Human is not inevitable.  

Evaluating behavior meant to foster adaptation is open for reassessment (Di Paolo, 2015). Thus, any adaptation 

can only be assessed in hindsight. By making sense of our past and its actualized and bygone possibilities, we can 

inform future plans for action and adaptation (Di Paolo, 2015; Žižek, 2023). This flexibility highlights how the 

Human is employed to make sense of our existence (Hauskeller, 2009) and how we were able to integrate past 

social, material, and political change without breaking an underlying perceived collective continuity (Hamilton et 

al., 2008; Sani et al., 2008). Still, revisiting our condition and perceived past change may convey the impression 

that produced semantics are impossible to integrate into the historical and shared understanding of the Human 

(Hauskeller, 2013). This is the moment when general non-identification with this identity appears necessary. Thus, 

when it comes to noticing the lost Human, we might find ourselves in the position of the famous Owl of Athena 

(Hegel, 1821/1911): flying when the sun has set and always arriving too late at the scene.  

Losing the Human seems like the inversion of the event this doctoral dissertation started with: The eviction 

from the mythical garden because of the enhancement efforts of our biblical ancestors. Eating from the Tree of 

Knowledge created and emphasized what is eternally lost but is desired to return to (Žižek, 2014). Given the recent 

evidence that “true” humans are morally imperfect (Phillips, 2023), we could even claim that Human Enhancement 

created the first Human. Populating the earth, we still fantasize about the lost pre-technological Garden and the 

capabilities that technologies might give us (Ihde, 1990). Human Enhancement is the concentrated practice of this 

ambivalence — “It is the alleged solution and the potential problem” (Döbler & Carbon, 2024, p. 597). Doing 

Human Enhancement may lead us to a path that ends with remorse or rejoicing that the contingent decision of 

walking was the decisive moment in time that has necessarily disrupted our identity. If this point is ever reached, 

the adaptations of ourselves involved will have enunciated not the dawn but the dusk of humanity. 
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Abstract
Vaccinations are instances of Human Enhancement (HE) because, as biotechnologies, they are capable of augmenting 
the human body’s capacities. We hypothesized that vaccination refusal, as observed during the COVID-19 pandemic, 
indicates a belief system that also determines attitudes toward HE. Rejection of both may be linked to well-known 
motives: invasiveness and alleged unnaturalness. We tested the relationship between these two phenomena by con-
ducting two online surveys (N = 314 and N = 300; 81.5%/85.7% vaccinated against SARS-CoV-2 and 18.5%/14.33% not). 
We also examined if getting enhanced (vaccinated) can induce a relational change toward the environment. Study 1 
suggested that greater willingness to use methods to enhance cognitive abilities was more likely when methods must 
be infrequently used and were deemed natural and non-invasive. An affirmative attitude toward naturalness correlated 
negatively with the willingness to use. Interaction effects suggested increased importance of naturalness and invasive-
ness associated variables for unvaccinated participants. Interacting with vaccination status, affirmative attitudes toward 
naturalness were negatively associated with attitudes toward vaccinations and HE. Qualifying vaccination as HE did not 
reliably predict attitude toward vaccination or HE. Getting vaccinated led to psychological relief. We explored predic-
tors of vaccination intention. Study 2 showed that unvaccinated perceived the vaccine as less natural but as invasive as 
vaccinated participants. Perceived naturalness and invasiveness were decisive for vaccination refusal. Findings suggest 
that rejecting vaccination against SARS-CoV-2 may indicate motives associated with rejecting other HE means and may 
be a valuable behavioral sample to assess a person’s broader belief system.

Keywords  Cognitive enhancement · Human enhancement · Naturalness · Vaccinations · Vaccine hesitancy

1  Introduction

Vaccination, intended to improve the natural capacity of the human body, is an example of Human Enhancement [1]. 
This term is used to describe techno-scientific interventions intended to create improved, optimized, or even “better” 
humans [2–4]. Vaccination exemplifies that one of the key aspects of the embodied technologies employed in Human 
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Enhancement is that they are done to ourselves [5].1 The human target renders the related ethical arguments notoriously 
utopian or dystopian [4, 5, 7, 8]. Hence, Human Enhancement is a highly controversial phenomenon [4, 9].

Effective April 2023, ~ 13% of the German population older than 18 years have not received any dose of vaccination 
against SARS-CoV-2 [10]. Even after the extended costless availability of different and far-reaching advertising campaigns, 
some people refused to receive this enhancement.2 To increase vaccination uptake, it has been proposed that vaccina-
tion advertising campaigns should be tailored to the moral foundation and worldview of the target audience [12, 13]. 
This requires an understanding that goes beyond the superficial notion of vaccination as a disease-fighting measure 
everyone should be happy to embrace. Supposing that vaccine skepticism reflects strong core beliefs about the asso-
ciation between agency, nature, spirituality, and individual health [14], this paper seeks to investigate if and how these 
underlying beliefs are related to the attitude toward technological improvement (specifically, Human Enhancement). 
Given that Human Enhancement can transform the perception and experience of risk [2], vaccination amid a global 
pandemic seemed a convenient opportunity to explore the practical psychological effects of Human Enhancement in 
practice. Moreover, vaccination is a perfect example of how we employ Human Enhancement to adapt ourselves to a 
potentially hazardous environment [5].

Experts and laypeople can have diverging models and assessments of the ontology, functioning, and risks of vaccina-
tion [15, 16]. In scientific and public discussions, how we talk about technical concepts matters [17]. A more differentiated 
perspective on vaccination as Human Enhancement can improve our understanding of both phenomena and inform 
the public and policymakers on two highly polarizing issues. Future vaccination campaigns or other mass distributions 
of Human Enhancement may benefit from a comprehensive overview of possible criticism and conceptual clarity.

Numerous scholarly works have thoroughly examined attitudes towards each subject [18–22], and some authors 
have raised the issue of classifying vaccination as Human Enhancement [e.g., 1, 6, 23, 24]. However, the current literature 
has not established a direct empirical link between attitudes toward vaccination, vaccination behavior, and attitudes 
toward Human Enhancement. To our knowledge, and besides a small pilot study [1], this article is the first attempt to 
close this gap.

2 � The Human Enhancement debate

The debate on Human Enhancement is characterized by a diversity of definitions [25]. Some conceptualizations focus on 
interventions that surpass the conventional boundaries of human abilities, while others consider the natural function-
ing of humans as the normative benchmark. Alternative approaches posit that any form of augmentation, regardless of 
degree, can be categorized as Human Enhancement [25]. The proportion of historical and contemporary techniques/
technologies considered Human Enhancement varies depending on the definition used [1, 6, 26]. These “conventional,” 
“natural,” or “historical” examples may be seen as less morally suspicious [6, 27, 28]. Nevertheless: Human Enhancement 
is a fundamental aspect of how we live [29]. Besides all these aspects, Human Enhancement serves the overarching goal 
of adapting ourselves to the demands placed upon us rather than modifying the environment to mitigate the same 
demands [5]. In the case of vaccination, this means that instead of adapting the environment to stop disease transmis-
sion (e.g., travel restrictions, material obstacles to ensure social distancing), we are intervening with the human body to 
boost its defense capabilities against the same disease.

In use for centuries, vaccination exemplifies that “historical” does not automatically mean “uncontroversial” [1]. What 
qualifies vaccination as an instance of Human Enhancement is using (bio)technology to improve human defensive capa-
bilities to a level they do not possess [1]. Although vaccination is not usually explicitly referred to as Human Enhancement, 
reasons to reject Human Enhancement in general, and vaccinations, in particular, may be two sides of the same coin [1]. 
Some, for instance, consider the technological process of introducing synthetic biology in vaccination development as 
an act of “playing God” [15], an all too familiar accusation leveled against specific enhancements and their biotechno-
logical realization [9, 30–33].

1  Mass distribution of vaccination can of course create positive network effects by mitigating further spread of the disease [1, 6] Still, it is at 
foremost an intervention that targets a single human being.
2  67.5% of the population of Europe and parts of Asia (e.g., Russia, Turkey, Kazakhstan) have at least received one dose of vaccination 
against SARS-CoV-2 [11].
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Critics of Human Enhancement fear backfiring and disastrous side effects such as alienation from our not enhanced 
peers, losing what makes us human, and sealing the end of our species [7, 27, 31, 34, 35]. The American President’s Council 
on Bioethics warned against the hubris and disrespect of the given if humans consider treating their bodies and minds as 
mere raw materials open to deliberate manipulation [9]. On the other hand, advocates stress the importance of explor-
ing different modes of being [8] and the beneficial effects of widespread enhancement [36]. The potential for improved 
performance through Human Enhancement was acknowledged from commercial [37] and military perspectives [38, 39].

Empirical evidence on public attitudes shows that people are concerned about safety, social coercion, and fairness 
[40]. These arguments translate into a seemingly moderate to strong negative public opinion on Human Enhancement 
[41]. Laypersons and medical professionals acknowledge certain issues discussed in the academic debate (e.g., losing our 
humanness, issues of personhood). However, these abstract concerns are often overshadowed by more concrete worries 
about safety and personal side effects [33, 42–44]. Yet, a recent apprehension is that extreme situations like pandemics 
function as a backdoor that may render ethically more suspicious forms of Human Enhancement more acceptable [45].

Reflecting on the debate about the overarching concept of Human Enhancement, the discourse surrounding vaccina-
tion, with all its hopes and concerns, builds on one central premise: It is considered possible to influence the condition 
of an individual significantly and eventually an entire species through the use of (bio)technology [1]. The decisive factor 
is how this goal and the employed means are evaluated.3

2.1 � The role of (perceived) naturalness

People were found to be less accepting of unknown pharmaceutical pills than natural supplements when used by 
employees and were less likely to use them themselves. However, there was no difference compared to pharmaceutical 
pills explicitly framed as safe [47]. Naturalness was an important factor in the moral evaluation of cognitive enhance-
ment, but only when framing the means as explicitly natural or artificial [18]. Marteua et al. [48] report that 41% of their 
participants would enhance intelligence in their future child using vitamin supplements, but only 11% would employ 
genetic engineering for the same outcome. Furthermore, research suggests a preference for natural painkillers over their 
synthetic counterparts [49]. Importantly, these drugs may also fall into the realm of Human Enhancement.

Individual purity concerns, i.e., an aversion against acts considered ‘unnatural’ or suspected to violate the sanctity of 
something, play a crucial role in the negative evaluation of cognitive Enhancement [50, 51] and vaccination [12]. Natural-
ness bias and the belief that natural immunity is superior to vaccination-induced immunity hinder vaccination intention 
and behavior [52–56]. Perceived unnaturalness is also prevalent in online discourse among vaccination critics [57, 58].

But as with Human Enhancement [25], there is conceptual confusion about what naturalness means. The term may 
refer to the properties of an object or describe its history [13, 59]. Inconsistent use of the term may contribute to differ-
ences in how experts and laypersons understand it in the context of vaccination [15]. The debate over “natural” versus 
“unnatural” methods of Human Enhancement parallels this confusion [6, 27]. Yet, in both cases, nature is used as a moral 
standard to evaluate the moral value of technological interventions [60].

2.2 � The role of (perceived) invasiveness

People are more reluctant to an enhancement if the method is invasive [18, 47, 51, 61, 62]. One study found that the 
mode of administration influenced the moral perception of different cognitive enhancement means, with injection being 
evaluated more negatively than beverages [18].

Efforts to supply vaccination by injection can be tempered by fear of needles [63], and more disgust toward injections 
was identified as related to one facet of anti-vaccination attitudes [64]. Furthermore, some arguments raised by the anti-
vaccination movement build on the alleged detrimental effects of the vaccine [57], which can—logically speaking—only 
be exercised from within the body. As vaccination is often applied by injection, the association of literally piercing the 
fleshly boundaries of the bodily self may negatively modulate the reluctance to this type of intervention [65]. Hence, 
their evaluation may also reside in the broader moral significance attached to invasiveness, which may also transpire in 
the assessment of other forms of Human Enhancement.

There is an apparent focus within the ethical debate of Human Enhancement on those interventions that directly 
cross the line between what is considered “outside” and “inside” [27]. This focus has been criticized in the past [5, 6, 26, 

3  For a comprehensive overview about the philosophical debate see [4, 27, 46] and for a review on empirical found concerns see [40, 41].
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66]. Still, the debate on Human Enhancement prominently features controversial technologies like genetic engineer-
ing, “smart drugs,” and invasive brain-computer interfaces, which share a unifying trait: they only function from “within.”

3 � Hypotheses

The snapshot from the literature fosters the impression that some reasons to reject vaccination mirror general concerns 
against Human Enhancement. Yet, because vaccination is a manifestation of the overarching concept of Human Enhance-
ment, these concerns are, conceptually speaking, derivations instead of parallels. Both phenomena aim to intervene with 
the individual body and directly concern important aspects such as autonomy, health, and the relationship between 
nature and technology. Thus, rejecting a tangible manifestation such as vaccination (e.g., against SARS-CoV-2) is supposed 
to be indicative of beliefs that also influence the attitude toward Human Enhancement in general. Hence, vaccination 
behavior should be a meaningful predictor of attitude toward Human Enhancement. Conceptually plausible, this link is 
testable and demands further empirical inquiry to assess the existence and strength of associations.

A stark hypothesis arises: People who reject a vaccination against SARS-CoV-2 do so mainly because they see it as an 
unnatural and invasive technological intervention. This rejection, grounded in derivations of concerns against Human 
Enhancement in general, may be generalized to vaccination behavior against other diseases. However, we must also 
account for the qualification of vaccination as an instance of Human Enhancement and reasons to reject technological 
interventions in general. Hence, seen more differentiated, while also acknowledging other important reasons for vacci-
nation hesitancy [21] and the presence of a fundamental belief structure that may underly this behavior [14, 64], we can 
reformulate this hypothesis as follows: Reasons for rejecting vaccination against SARS-CoV-2 may be linked to a pronounced 
emphasis on perceived invasiveness and naturalness. As these factors are also negatively linked to attitudes toward Human 
Enhancement, these derivations of general concerns about technological improvement might explain vaccination reluctance 
among the unvaccinated, but also possible rejection of Human Enhancement (H1).”

Vaccination status is conceived as an indicative behavioral sample for the underlying belief system. When evaluating 
whether to pursue interventions with the human body, the suggested “pronounced emphasis” should show itself in 
an intensification of the negative roles of invasiveness, respectively, an intensification of the positive role of perceived 
naturalness / negative role of unnaturalness. Translated and operationalized to a testable setting, people who reject 
vaccination against SARS-CoV-2 should demonstrate a different perception and higher affirmation of what is deemed 
natural [see 56]. Hence, it must be explored how rejection of vaccination is situated within the broad debate about the 
relationship between humans and nature and how persons evaluate different interventions and phenomena. Suppose 
vaccination skepticism indicates a fundamental belief about a “natural” approach to health [14]. In that case, this behavior 
should be positively associated with rejecting other means of technological interventions, especially if they are deemed 
unnatural. Moreover, we expect that attitudes toward Human Enhancement and vaccination should be negatively linked 
with a high affirmation of naturalness in general.

In light of the invasive nature of vaccinations and the documented correlation between aversion against invasiveness 
and vaccine hesitancy [64], we also anticipate that for individuals who remain unvaccinated against SARS-CoV-2, negative 
effects of perceived invasiveness on the adoption of other means of Human Enhancement should be more substantial.

Perceived unnaturalness and invasiveness are not seen as unimportant for vaccinated people. Nonetheless, we expect 
meaningful differences between people vaccinated against SARS-CoV-2 and those who are not. Suppose the influence 
of perceived naturalness and invasiveness is moderated by vaccination status against SARS-CoV-2. In that case, the 
conclusion that concrete vaccination behavior is partially linked to a stronger emphasis on the related variables is sup-
ported. By examining the influence of these motives, we can evaluate whether they are as fundamental as suggested. 
Our hypothesis also suggests a differing perception of the invasiveness and naturalness of vaccination among vaccinated 
and unvaccinated and that these perceptions are decisive for vaccine refusal.

Evaluating the psychological effect of vaccine application, we must first note that the necessity to vaccinate presup-
poses a certain vulnerability and individual or societal risk. This risk is neither completely subjective nor objective but 
results from the relationship between the individual and the socio-material environment [2]. Indeed, a perception of low 
risk was also linked to vaccine hesitancy [21]. Human Enhancement may influence this relationship and transform risk 
and its perception [2]. Put very broadly, a potential transformation of risk means that besides improving a given capac-
ity, Human Enhancement can also constitute an altered relationship between oneself and the environment (H2). We discuss 
the theoretical foundation of this claim elsewhere and state that the relation-altering capacity of Human Enhancement 
is one of its most defining features [5]. To operationalize this hypothesis, it is essential to employ a measurement that 
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assesses whether and how implementing the enhancement (vaccination) alters an individual’s subjective perception and 
evaluation of their environment. Although some fear the power of Human Enhancement to cause irreparable damage 
to values and relationships [9, 67], the question seems not to be about whether we should change our relationship with 
the environment but rather about which changes are desirable [2]. This societal discourse will benefit from insights into 
how exactly specific enhancements affect the relationship of individuals to themselves and their environment.

4 � Study 1

We approach the hypothesized connection between Human Enhancement and vaccination attitudes through the lens of 
the assumed importance of naturalness and invasiveness. By considering vaccinations within the framework of Human 
Enhancement, we seek to contribute to the ongoing discussion and emphasize the significance of comprehending the 
motivations and evaluations surrounding a diverse range of enhancements [41, 68]. Besides the possible elucidation 
of motives for individual vaccine hesitancy, this study may enrich the empirical debate about Human Enhancement by 
linking the abstract with the concrete and clarifying how attitudes toward “conventional” enhancements like vaccination 
relate to more futuristic examples. It may further demonstrate the robustness of previous findings on adopting means 
of Human Enhancement. Lastly, we may be able to locate the rejection of Human Enhancement in a broader system of 
attitudes and beliefs.

To better situate the belief system of those who reject the SARS-CoV-2 vaccine despite its widespread availability and 
public awareness of the pandemic in early 2022, we collected data on a broader range of controversial phenomena. This 
allows assessing beliefs associated with vaccination behavior beyond the “classic” examples like low-risk perception, 
structural barriers, or safety and efficacy concerns [21].

In a previous study [1] with N = 67 (97% vaccinated against SARS-CoV-2 or willing to do so), participants were asked 
to rate different examples of their qualification as an instance of Human Enhancement. To further investigate public 
opinion on this issue, we wanted to include a more heterogeneous sample with the number of unvaccinated participants 
corresponding to the proportion in Germany when the present study was conducted.

4.1 � Methods

4.1.1 � Participants

An online survey was completed by N = 316 persons. Two people were excluded because they indicated they were only 
checking out the survey or felt compelled to give incorrect answers. No other exclusions were made. The complete 
dataset comprised N = 314 persons (Male = 134, Female = 172, Other = 6, NA = 2; MAge = 34.9 [Range: 16–65] years). One 
participant’s age was coded NA due to its initial statement of being over 120 years old. However, other answers of the 
participants were not overly suspicious.

We recruited participants from various sources (University e-mail-System, Facebook, Twitter, Reddit, and online survey 
distributors). To recruit unvaccinated participants, we posted the survey link to several Facebook groups whose names 
and descriptions suggest a critical attitude towards disease control measures of the corona pandemic or vaccination 
per se. We also reached out to groups that discussed the SARS-CoV-2 pandemic in general and those that discussed 
alternative and naturopathic medicine. We are aware of the possible bias through online recruitment, especially regard-
ing anti-vaccination discourse [57, 58]. This method was chosen to spread the survey beyond the usual psychological 
student-for-course-credit samples, which were also suspected of holding more favorable attitudes toward vaccination. 
Limitations are discussed in more detail at the end of the paper.

Overall, 256 individuals (81.5%) reported having received at least one vaccination dose against SARS-CoV-2 (Vac-
cinated), and n = 58 (18.5%) did not receive vaccination against SARS-CoV-2 (Unvaccinated).4 At the end of the data 
sampling, the proportion of German citizens above 18 years who had received at least one dose of vaccine against 

4  This terminology can only be interpreted in regard to the vaccination against SARS-CoV-2. We have no information on whether people 
have received any other vaccination in their lifetime.
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SARS-CoV-2 was 84.8% [69]. So the ratio of vaccinated to unvaccinated persons in our sample approximated the ones 
in the overall population.

4.1.2 � Measures

If not stated otherwise, items used a 7-point Likert scale on which the maximum represented the highest affirmation. A 
complete list of questions asked is provided in the Supplementary.

Enhancement rating (15 items): Similar to a previous study [1], participants were introduced to the concept of Human 
Enhancement. They were told that this term has no standard definition but generally refers to technologies that help 
expand people’s abilities. Participants rated different phenomena on whether they represented an example of Human 
Enhancement. The examples were self-collected based on what is discussed as an instance of Human Enhancement in 
the literature and under different conceptualizations.5

Attitudes on ethically controversial topics (10 items): People were asked to state their attitude toward phenomena 
like Human Enhancement, vaccination in general, space colonization, and genetic manipulation of animals, plants, or 
humans (“Based on what you personally know about the following topics and what is reported in the media. What is 
your attitude toward:…”). Phenomena were selected to represent practical yet ethically controversial topics, examine 
potential distinctions between vaccinated and unvaccinated individuals, and gain a deeper understanding of the beliefs 
held by the unvaccinated.

Willingness to use: Participants were introduced to the following scenario: Imagine the possibility of changing your 
memory to the extent that exceeds your current level by far. You would remember things much better and would no longer 
have to rely on shopping lists reminders on your cell phone or calendar. You would also find it much easier to learn new things. 
Which of the following means would you use for this? All methods have the same effect and have no adverse side effects. They 
were then invited to state their willingness to use different means for their benefit and rated how invasive and natural 
they perceived these interventions. These variables were meant to examine whether their effect differed across people 
vaccinated against SARS-CoV-2 and those who were not, i.e., if we can assume a different emphasis. Intervention exam-
ples were chosen to reflect a mixture of invasive and natural means to improve cognitive abilities that, depending on 
the conceptualization [25], qualify as instances of Human Enhancement (Table 1). Measuring the willingness to use an 
enhancement is common when assessing attitudes toward Human Enhancement [see 33, 44, 62, 70, 71].

Table 1   Presented means of 
memory enhancement

In the case of Brain surgery, Implantation of an electronic device, completion of a cognitive training pro-
gram, and raw food diet frequency were not explicitly mentioned but coded afterward. The other inter-
ventions were presented and assessed with the respective explicitly named frequencies. * = Intervention 
was included in the “Interventions with parallel frequencies” model (Table 4). These interventions are also 
more “classical” examples of Human Enhancement. Heterogeneity of the examples is owed to the fact that 
there is no definitive definition of Human Enhancement. Depending on conceptualization, some exam-
ples do not qualify as Human Enhancement. Examples were chosen to be intuitively linked to memory 
enhancement and to reflect different conceptualizations as broadly as possible

Intervention type Coded 
application 
frequency

Administration of a drug in the form of pills* Once | Daily
Injection of a drug into the arm* Once | Daily
Administration of a plant-based drug* Once | Daily
Brain surgery Once
Implantation of an electronic device into the brain Once
Completion of a cognitive training program Once
Special raw food diet Frequent
Daily meditation Daily

5  Depending on employed conceptualization, some examples would not qualify as Human Enhancement. We nevertheless attempted to 
map the debate as broad as possible.
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Naturalness attitude (7 items): This self-developed scale was meant to reflect on the subjective evaluation of naturalness 
and an affirmative relationship toward nature. The intention was not to invoke a specific notion of naturalness but leave 
the interpretation of this term to the participants. Examples: “How much do you agree on the following statements:… 
What is natural is also good; Humans and nature have separated too much; The so-called conventional medicine (Schul-
medizin) is unnatural” This scale was employed to clarify an individual’s relationship towards nature and naturalness. 
Items were inspired by arguments in the back-then COVID-19 discourse [e.g., 72] and tropes in the general Human 
Enhancement debate [e.g., 4, 73].

Vaccination status, intention, and COVID: People were asked for the number of vaccination doses they have received 
against SARS-CoV-2, how many they are planning to get in the future (absolute amount), and if they are generally con-
cerned with keeping their vaccination status against other diseases updated.6 Current and planned vaccinations were 
accessed categorically (0–3 doses) with the possibility to answer by free text. Participants also indicated whether they 
were confirmed to be infected with SARS-CoV-2 (Y/N) and how much they identified with their vaccination status. Vac-
cination status was meant to measure vaccination hesitancy/behavior and related attitudes directly.

Effects of vaccination status (11/9 items): The scale was self-developed and was meant to reflect on the psychological 
effects of vaccination. It was employed to reveal how enhanced (vaccinated) participants negotiate the relation between 
themselves and the environment. Example: “Based on the number of doses of vaccine you have received to date against 
SARS-CoV-2 (coronavirus), how true are the following statements about you: My social environment reacts negatively to 
my vaccination status.“ Items were inspired by discourses about individual participation and discriminating experiences 
based on vaccination status. Higher values suggest more positive effects.

Support of disease control measures (12 items): Examples were self-collected based on what has been discussed to 
contain the pandemic (general vaccine mandate) or were employed in various countries, including Germany. The scale 
was meant to clarify whether unvaccinated participants only reject the vaccination or are generally critical against any 
disease control measures. Example: “I support the following government actions around the spread of coronavirus: mask 
mandate; curfews”.

Improvements after the first (possible) dose (5 items): People were asked if their feelings right after the first vaccine 
dose improved or worsened compared to the time before. (“Compared to when you did not receive a vaccine dose, 
how much did your feelings, thoughts, and behavior change at the time just after you received the first vaccination?”). 
Participants who had not received a vaccination were instructed to refer to the time when they were theoretically able 
to get vaccinated. Values below four indicated a worsening; four indicated no change, and ratings above indicated an 
improvement. It was meant to explore how the administration of an example of Human Enhancement influenced the 
perception and experience of participants amid a pandemic. Any change within the vaccinated suggests a relational 
change compared to the “pre-enhanced” self.

4.1.3 � Procedure

To test our hypotheses, we conducted an online study using LimeSurvey [74] that was in full accordance with the ethical 
guidelines of the University of Bamberg. The link was distributed by the sources mentioned in the Participants section. 
It was approved by an umbrella evaluation for psychophysical testing of the university of Bamberg ethics committee 
(Ethikrat der Universität Bamberg) on August 18, 2017.

After consenting to the use of their data, participants filled out sociodemographic information and completed the 
measures as stated above. University students and participants from online survey distributors could apply for course 
credit or other benefits from the particular website. The survey language was German. Data sampling occurred from 
January 1st, 2022, to January 14th, 2022. Data analysis occurred once the sampling was stopped at N = 316.

4.2 � Results

Data analysis was primarily conducted with R (4.2.2). Models were calculated using the brms library (2.18) [75]. Bayesian 
models ran four sampling chains, 10,000 iterations, with 5,000 warm-up iterations each. When equality of variance was 
not present, degrees of freedom were corrected using the Welch approximation. All p-values are two-sided. If not stated 
otherwise, data from all 314 participants were included.

6  At the time of data sampling, people vaccinated with a single dose of Janssen® by Johnson & Johnson had the legal status of being fully 
vaccinated. Participants were instructed to count a first dose of this vaccine as two and add subsequent doses by one.
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4.2.1 � Overview and rationale of analysis

After a descriptive account of vaccination status during sampling and intended doses (Current and planned vaccinations), 
we proceed with internal consistencies and differences between unvaccinated and vaccinated participants (Scales and 
comparison between vaccinated and unvaccinated). We conducted these analyses to investigate whether unvaccinated 
individuals exhibit more positive attitudes toward nature. Additionally, we aimed to contextualize the decision to reject 
vaccination within broader controversial discussions and the COVID-19 discourse. Subsequently, we aimed to examine the 
psychological effects of receiving the vaccine by analyzing the self-reported psychological effects of getting vaccinated.

To better understand public perception, we compared ratings on whether a phenomenon qualifies as Human Enhance-
ment (Human Enhancement Ratings). We aimed to shed light on a possible gap between academic and public perception 
of the issue and determine what interventions might be relevant to the general discourse.

Hereafter, we investigated whether vaccination status indicates a stronger emphasis on perceived naturalness and 
invasiveness and how this relates to the willingness to use other means considered Human Enhancement. This was done 
by examining the willingness to use means for memory enhancement and potential differences between invasiveness 
and naturalness ratings of the same interventions (Willingness to use, perceived naturalness, and perceived invasiveness 
of cognitive enhancement methods).

We then analyzed potential parallels between predictors of attitude towards vaccination and Human Enhancement. 
This was mainly done to clarify the role of the suspected importance of the general attitude toward naturalness for 
unvaccinated participants and to investigate if participants reject vaccination because they see it as Human Enhance-
ment (Attitude toward vaccination/Human Enhancement).

We lastly, predicted future vaccination intention (Vaccination intention − More doses?/Exact number of doses) to fur-
ther elaborate on the importance of naturalness attitude and attitude toward Human Enhancement and vaccination 
for prospective vaccination behavior. Here, we also examined whether the perceived benefits of the vaccination predict 
the intention to receive more. For readability and because this question was not the decisive factor for this study, most 
of the related analyses and discussion can be found in the Supplementary.

4.2.2 � Current and planned vaccinations

Table 2 shows the distribution inside the groups. Figure 1 shows the association between current and planned 
received doses in the absolute amount of received and planned doses. A comprehensive overview can be found in the 
Supplementary.

Table 2   Distribution of 
vaccination status

Many people used the free-text option to answer the question about the planned vaccinations, stating 
that they either consider getting as many vaccine doses as needed or required (as needed) or a specific 
number of doses greater than three (3 +). Some people were unsure (undecided) or left an incomprehen-
sible answer (NA). Eight participants (2.55%) reported that they planned to receive fewer doses than they 
already had. It is possible they misread the question and stated the relative amount of planned doses, not 
the absolute. Their planned vaccine doses were also coded NA

Received doses of vaccines at the time of the data sampling
 0 Doses 58 Sum of unvaccinated people: 58
 1 Dose 4 Sum of vaccinated people: 256
 2 Doses 65
 3 Doses 187

Planned number of doses
 0 Doses 54
 1 Dose 0
 2 Doses 18
 3 Doses 132
 3 + Doses 20
 As much as needed 74
 Undecided 3
 NA 13
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4.2.3 � Scales and comparison between vaccinated and unvaccinated participants

Sum-scores of the effects of the vaccination status (internal consistency, Cronbach’s α = 0.76, Confidence Interval = CI95% 
[0.72, 0.80]), improvements after (possible) first dose (α = 0.83, CI95% [0.81, 0.86]), naturalness attitude (α = 0.79, CI95% [0.76, 
0.83]), and approval for disease control measures attitude (α = 0.94, CI95% [0.93, 0.95]) were calculated. Some items were 
reverse-coded after the check.keys method of the R psych (2.1.9.) package [76] identified them as negatively correlated 
with the first component of the employed principal component analysis (PCA). Since the effects of the vaccination status 
scale contained items directly referring to the vaccination (“I feel better than before the vaccination,” “I feel technologi-
cally enhanced”), these two items were dropped when analyzing sum scores between vaccinated and unvaccinated 
and resulted in a Cronbach’s α = 0.72 CI95% [0.68, 0.77]. An overview can be found in the supplementary. Table 3 shows 
selected differences, and Fig. 2 detailed answers to the improvements after the first (possible) dose scale for vaccinated 
participants only.

4.2.4 � Human Enhancement ratings

Cybernetic prostheses (M = 5.54, SD = 1.80), Cochlear implants (M = 5.46, SD = 2.01), followed by neuroenhancement drugs 
(M = 4.92, SD = 1.84), were rated most exemplarily for being an enhancement among all participants (Max = 7). Vaccina-
tions ranked eight of fifteen (M = 3.51, SD = 2.25). A graphical overview of the enhancement ratings is provided in the 
Supplementary.

Unvaccinated participants rated drugs to increase life expectancy (t(312) = − 3.41, p < 0.001, d = − 0.50 [− 0.79, − 0.21]) 
and neuroenhancement drugs (t(312) =  − 2.32, p = 0.021, d = − 0.34 [− 0.63, − 0.05]) as less exemplarily for being an instance 
of Human Enhancement. There were no differences regarding the other phenomena (all p > 0.09), including vaccinations 
(t(312) = − 0.63, p = 0.529, d = − 0.09 [− 0.38, 0.20]).

Fig. 1   Association between the absolute received and absolute planned doses. NA’s and “Undecided” of planned doses are not shown. Of 
the three undecided persons, one had received three, one two, and one zero doses. Hence, n = 298. Complete numeric overview is provided 
in the supplementary
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4.2.5 � Willingness to use, perceived naturalness, and perceived invasiveness of cognitive enhancement methods

Unvaccinated participants rated the one-time administration of a drug in the form of pills (t(312) = 5.90, p < 0.001, d = 0.86 
[0.56, 1.15]), one-time injection of a drug into the arm (t(312) = 6.67, p < 0.001, d = 0.97 [0.67, 1.27]), one-time administra-
tion of a plant-based drug (t(312) = 2.91, p = 0.004, d = 0.42 [0.13, 0.71]), daily administration of a drug in the form of pills 
(t(312) = 4.96, p < 0.001, d = 0.72 [0.43, 1.01]) and the daily injection of a drug into the arm (t(312) = 3.85, p < 0.001, d = 0.55 
[0.27, 0.84]) higher in invasiveness than vaccinated participants. Credible intervals of posterior differences also did not 
include 0. There were no significant differences in the other examples (all p’s > 0.09).

Concerning perceived naturalness, unvaccinated participants rated the one-time administration of a drug in the 
form of pills (t(312) = − 4.07, p < 0.001, d = − 0.59 [− 0.88, − 0.30]), one-time injection of a drug into the arm (t(312) = − 4.65, 
p < 0.001, d = − 0.68 [− 0.97, − 0.39]), daily administration of a drug in the form of pills (t(312) = − 3.11, p = 0.002, d = -0.45 
[− 0.74, − 0.16]) and the daily injection of a drug into the arm (t(312) = − 2.89, p = 0.004, d = -0.42 [− 0.71, − 0.13]) as less 
natural than vaccinated participants. Credible intervals of posterior differences also did not include 0. There were no 
significant differences in the other examples (all p’s > 0.06).

Ratings of willingness to use, perceived naturalness, and perceived invasiveness displayed a rating tendency to the 
extreme (Fig. 9). We chose a mixed-model Bayesian ordered cumulative regression to account for these non-Gaussian dis-
tributions. Attitude toward Human Enhancement, perceived invasiveness, perceived naturalness, application frequency, 
vaccination status, and interactions with vaccination status, except application frequency, were set as population-level 
effects. These effects represent effects that should be consistent across examples [78]. Participant and intervention type 
(left column Table 1, drugs, diet, etc.) were set as group-level effects. This allows for variation around group means that 

Fig. 2   Detailed answers of the Improvements after first (possible) dose scale for vaccinated participants only. We interpret responses to 
these items as indicative of the psychological effect of vaccination, i.e., Human Enhancement
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may differ from the general average [78]. We did so because we were interested in the general role of the fixed effects 
across various interventions that may differ in their mean willingness to use. Interaction effects with vaccination status 
were modeled to test for the special emphasis unvaccinated participants were expected to put on these variables.

2 × 5 models were constructed to explore possible interaction effects and account for frequency and type asymme-
try. Models 1–5 considered all interventions, and Models 6–10 only included interventions whose required application 
frequency was assessed symmetrically (i.e., once as a daily and once as a one-time intervention). For a comprehensive 
comparison, Table 4 features the models without interactions and those that employed interactions between perceived 

Table 4   Estimates of willingness to use an intervention to boost cognitive performance

Note. Information on the posterior distribution of the calculated mixed-model Bayesian ordered cumulative regression. Daily use and 
not being vaccinated were reference categories to the respective predictors. Priors for the predictors: N (0,2). Thresholds (not shown) and 
sd = Student’s t-distribution, v = 3, μ = 0, σ = 2.5 (brms default). Parallel frequency (Models 6–10) means that we included only those interven-
tions that were explicitly recorded twice in terms of the required frequency of use (Daily or Once, see Table 1). In these models, no interven-
tions needed “frequent” use. More information is provided in the Supplementary. Number of data points for models 1–5 = 3454; models 
6–10 = 1884. pd is the probability of direction, i.e., the probability that the effect is greater or smaller than 0 (or one if converted to OR), as 
indicated by the coefficient median. Linear combination and interpretation of coefficient estimates may be eased by transforming them 
back via log transformation

Predictor All interventions

Model 1 Model 5

Odds ratio (OR; Median) 95% credible 
interval (CI)

pd OR 95%CI pd

Perceived invasiveness 0.76 0.72–0.81 100.00% 0.59 0.52–0.67 100.00%

Perceived naturalness 1.61 1.52–1.71 100.00% 2.24 2.00–2.52 100.00%

Attitude Human Enhancement 1.44 1.23–1.68 100.00% 1.41 1.05–1.88 98.60%

Naturalness attitude 0.97 0.94–0.99 99.20% 0.96 0.90–1.01 92.30%

Vaccinated 2.24 1.25–4.06 99.70% 1.77 0.13–24.39 66.20%

Vaccinated × perceived invasiveness 1.37 1.20–1.56 100.00%

Vaccinated × perceived naturalness 0.66 0.58–0.75 100.00%

Vaccinated × att. Human Enhancement 1.06 0.76–1.48 63.40%

Vaccinated × naturalness attitude 1.01 0.95–1.07 59.50%

Frequent use 0.72 0.08–6.86 62.20% 0.80 0.08–9.11 57.20%

One-time use 5.31 4.40–6.43 100.00% 6.1 5.04–7.38 100.00%

Group-level effects

Sd (Intervention type) 3.34 2.07–10.10 3.99 2.32–14.49

Sd (Participant) 5.47 4.64–6.62 5.83 4.91–7.06

LOO-information criterion 9615.2 (112.0) 9448.7 (113.4)

Predictor Interventions with parallel frequencies

Model 6 Model 10

OR 95%CI pd OR 95%CI pd

Perceived invasiveness 0.63 0.56–0.70 100.00% 0.55 0.43–0.69 100.00%

Perceived naturalness 1.87 1.68–2.09 100.00% 3.15 2.55–3.93 100.00%

Attitude Human Enhancement 1.84 1.39–2.44 100.00% 1.44 0.87–2.37 92.20%

Naturalness attitude 0.94 0.90–0.99 99.00% 0.88 0.81–0.97 99.70%

Vaccinated 7.80 2.83–22.83 100.00% 0.85 0.03–23.44 53.70%

Vaccinated × perceived invasiveness 1.20 0.92–1.56 91.10%

Vaccinated × perceived naturalness 0.51 0.41–0.64 100.00%

Vaccinated × att. Human Enhancement 1.39 0.81–2.43 88.70%

Vaccinated × naturalness attitude 1.07 0.98–1.18 93.00%

One-time use 10.9 8.48–14.03 100.00% 12.64 9.78–16.46 100.00%

Group-level effects

Sd (Intervention type) 1.80 1.23–10.86 1.88 1.25–12.38

Sd (Participant) 22.94 16.48–33.25 25.37 18.17–37.58

LOO-information criterion 4383.5 (88.6) 4323.4 (90.3)
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naturalness, perceived invasiveness, attitude toward Human Enhancement, and naturalness attitude. A complete over-
view can be found in the Supplementary. Figure 3 depicts effects of model number 10.

4.2.6 � Attitude toward vaccination

Estimates of conducted linear Bayesian regression are shown in Table 5 and represent two different models, one with and 
one without interaction terms. Five models, each with another interaction term, were constructed to explore the role of 
the different variables and approximate the variable combination that provided the best fit. The complete overview can 
be found in the supplementary. Figure 4 shows the predictions of Model 5.

We constructed a different model to explore possible post hoc effects among the vaccinated. We employed the 
positive effect of vaccination status, improvement after first dose, identification with enhancement status, naturalness 
attitude, and attitude toward Human Enhancement as predictors. The choice of predictors was guided by the idea 
that these variables may reflect post hoc relevant processes that may eliminate the effect of naturalness attitude and 
attitude toward Human Enhancement. Results suggest a positive effect of effects of vaccination status β = 0.23, CI95% 
[0.14–0.33] probability of direction = 100%, the identification with the vaccination status β = 0.07, CI95% [0.01–0.14] prob-
ability of direction = 98.70%, and a negative effect of naturalness attitude β = − 0.18, CI95% [− 0.24 - − 0.11] probability of 
direction = 100%. Other effects were less clear (probabilities of direction = 51.4–53.5%). The model can be found in the 
Supplementary.

4.2.7 � Attitude toward Human Enhancement

After visually inspecting the correlations between the coefficient distributions of our Bayesian linear regression, we 
observed that predictor weights of attitude on vaccination and vaccination status were rather highly correlated. Although 

Fig. 3   Visualization of the conditional prediction of willingness to use for models with symmetrically assessed application frequency. 
Table 4—Model 10. Shaded areas represent 95% credible intervals. Curves correspond to the draws from the expected value of the posterior 
predictive distribution. For better visibility, group level effects are not displayed. Each curve represents the probability (Y-axis) to respond 
with the respective rating (color and linetype) given value of the predictor (X-axis). When conditioning on one predictor, the others are by 
default set to their mean/reference category by brms 

Appendix 1. Döbler and Carbon (2023) 190



Vol:.(1234567890)

Research	 Discover Psychology            (2023) 3:24  | https://doi.org/10.1007/s44202-023-00085-3

1 3

interaction effects inevitably create predictor correlations, we wanted to reduce the potential influence of multicollinear-
ity on this model at least a bit while maintaining a theoretical foundation of predictor choices. Vaccination status was 
theorized to be the more concrete reflection of attitudes toward vaccination and the underlying belief system. Hence, 
we dropped attitude on vaccination as a predictor and calculated the models presented here.

Table 5   Estimating Attitude toward vaccination

Note. Information on the posterior distribution of the calculated Bayesian linear regression. Priors for the predictors: N(0,1). Intercept = Stu-
dent’s t-distribution, v = 3, μ = 0.7, σ = 2.5 (brms default). Sd = Student’s t-distribution, v = 3, μ = 0, σ = 2.5 (brms default). Estimates are stand-
ardized effect sizes. LOO-information criterion (standard error in parentheses): Lower values indicate a better model fit. Each model ran four 
sampling chains with 1e4 iterations and 5000 warm-up draws. pd is the probability of direction, i.e., the probability that the effect is greater 
or smaller than 0, as indicated by the coefficient median

Predictors Model 1 Model 5

β (Median) 95% Credible Interval (CI) pd β 95%CI pd

Enhancement Rating vaccinations 0.02 − 0.04 - 0.08 73.50% 0.16 0.02 - 0.30 98.70%
Attitude Human Enhancement 0.09 0.02 - 0.16 99.50% 0.28 0.15 - 0.42 100.00%
Vaccinated 1.60 1.42 - 1.78 100.00% 1.32 1.10 - 1.54 100.00%
Naturalness attitude − 0.28 − 0.35 - − 0.21 100.00% − 0.44 − 0.61 - − 0.27 100.00%
ER vaccinations × vaccinated − 0.14 − 0.30 - 0.02 95.80%
Att. HE × vaccinated − 0.26 − 0.42 - − 0.10 100.00%
Naturalness attitude × vaccinated 0.20 0.02 - 0.38 98.40%
R2 Bayes 0.70 0.72
LOO-information criterion 524.7 (46.1) 508.7 (52.0)

Fig. 4   Conditional interaction effects and effects of the vaccination status of the model with the lowest LOO-information criterion 
(Table 5—Model 5). The shaded area represents 95% credible interval. Values are scaled and centered. When conditioning on one predic-
tor, the others are, by default, set to their mean/reference category by brms. Curves correspond to the draws from the expected value of the 
posterior predictive distribution. Points represent empirical data and are jittered for better readability
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Four models, each employing different interaction terms, were constructed. After noticing the model-dependent 
change of effect direction of rating vaccinations as an example of Human Enhancement and its interaction with vacci-
nation status, we explored a three-way interaction between these variables. For better comparison with Fig. 4 and as it 
has a slighter better model fit, we visualize the coefficients from Model 4 (Table 6) in Fig. 5. Still, including the three-way 
interaction suggests that the interaction effect between vaccination status and enhancement rating of vaccinations 

Table 6   Estimating attitude toward Human Enhancement

Information on the posterior distribution of the calculated Bayesian linear regression. Priors for the predictors: normal distributed, μ = 0, 
σ = 1. Intercept = Student’s t-distribution, v = 3, μ = 0.7, σ = 2.5 (brms default). Sd = Student’s t-distribution, v = 3, μ = 0, σ = 2.5 (brms default). 
Estimates are standardized effect sizes. LOO-information criterion (standard error in parentheses): Lower values indicate a better model fit. 
Each model ran four sampling chains, each with 1e4 iterations and 5000 warm-up draws. CI = Credible interval. pd is the probability of direc-
tion, i.e., the probability that the effect is greater or smaller than 0, as indicated by the coefficient median

Predictors Model 1 Model 4

β (Median) 95%CI pd β 95%CI pd

Enhancement Rating vaccinations 0.17 0.07 - 0.27 100.00% − 0.22 − 0.45 - 0.01 97.10%
Vaccinated 0.51 0.22 - 0.79 100.00% 0.38 0.04 - 0.72 98.50%
Naturalness attitude − 0.31 − 0.42- − 0.20 100.00% − 0.49 − 0.74 - − 0.24 100.00%
ER vaccinations × vaccinated 0.47 0.23 - 0.73 100.00%
Naturalness attitude × vaccinated 0.22 − 0.05 - 0.50 94.40%
R2 Bayes 0.219 0.264
LOO-information criterion 823.5 (26.00) 809.7 (25.7)

Fig. 5   Conditional interaction effects and effects of the vaccination status of the model with the lowest LOO-information criterion (Model 4). 
The shaded area represents 95% credible interval. Curves correspond to the draws from the expected value of the posterior predictive distri-
bution. Values are scaled and centered. When conditioning on one predictor, the others are, by default, set to their mean/reference category 
by brms. Points represent empirical data and were jittered for better readability
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increases the attitude toward Human Enhancement for vaccinated participants only. The coefficients of all models can 
be found in the Supplementary.

4.2.8 � Vaccination intention—more doses?

The supplementary features logistic regressions exploring which variables predict participants’ intention to receive 
more doses. Figure 6 visualizes the effects of one of the models, excluding the participants who received only one dose.

Another important finding was that in a different model that solely used the data of the unvaccinated participants, the 
most certain effect on whether to receive more doses (i.e., get vaccinated at all) was the negative influence of naturalness 
attitude OR = 0.26, CI95% [0.06, 1.03], probability of direction = 97.20%.

4.2.9 � Vaccination intention—exact number of doses

As the decision to get no more doses is not equivalent to the decision to not get vaccinated at all, bayesian ordinal regres-
sions were calculated considering only participants who had already received two or three doses. We separated the data 
as the number of received doses cannot logically predict each outcome (boostered participants cannot plan to get only 
two doses). We did not predict the exact number of doses for unvaccinated participants and those who received only 
one dose because the sample size was too small. A full overview can be found in the Supplementary. Figure 7 visualizes 
the effects of the two models with the best fit.

5 � Study 2

In response to extensive feedback from multiple peer reviewers, who pointed out the absence of data regarding 
public perception of the vaccine against SARS-CoV-2, we aimed to address this gap by conducting a second study. This 
was meant to test our hypothesis’ prediction that people not vaccinated against SARS-CoV-2 deem the vaccination 
more unnatural and more invasive than vaccinated people and that these factors play a crucial role in their decision 

Fig. 6   Results of Model 2 that only included participants with 0, 2, or 3 received doses. The shaded areas represent 95% credible intervals. 
Curves correspond to the draws from the expected value of the posterior predictive distribution. Values are scaled and centered. When 
conditioning on one predictor, the others are by default set to their mean/reference category by brms. This model excluded participants 
that have only received one doses and those whose answers on vaccination intention could not be interpreted. Since it used data of unvac-
cinated participants, we employed the reduced effect of vaccination status scale in which two items were dropped. Prior for predictors = N 
(0,1). Attitude toward vaccination was retained as predictor along received doses because we were interested if there are meaningful differ-
ences among groups
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to reject vaccination. We furthermore wanted to validate the final willingness to use the model (parallel frequencies) 
by predicting data it had never seen before.

5.1 � Methods

5.1.1 � Participants

Participants were again recruited from the same sources as in the first study, including Facebook groups hosting a critical 
discourse on vaccination. An apriori power analysis for an independent t-test determined sample size. Following the dif-
ferences in the magnitude of the perception of invasiveness in our first study, we set the expected effect size to d = 0.50, 
the desired power to 0.80, and alpha to 0.05. We furthermore accounted for the uneven distribution of unvaccinated 

Fig. 7   Results from the respective models, that included attitude toward vaccination. The shaded areas represent 95% credible intervals. 
Curves correspond to the draws from the expected value of the posterior predictive distribution. Values are scaled and centered. When 
conditioning on one predictor, the others are by default set to their mean/reference category by brms. Since the models do not used data 
of unvaccinated participants, the complete effect of vaccination status scale was used. Prior for predictors = N (0,1). Attitude toward vaccina-
tion was retained as predictor we were interested if there are meaningful differences among groups
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and vaccinated participants in the German population in May of 2023 (13/87% [10]) and set the allocation ratio to 6.7. 
This yielded a required sample size of at least N = 222 (29 unvaccinated, 193 vaccinated).

The survey was completed by N = 301. We overpowered the study to mitigate eventual data loss due to dishonest 
answers. This was done primarily for unvaccinated participants, as members of the Facebook groups often expressed 
hostile attitudes regarding our call for participation. Furthermore, members of the two groups did not participate at even 
rates, so an imbalance on the side of the vaccinated participants resulted in the necessity to recruit more unvaccinated.7

One person was excluded because they indicated they were seven years old while also having no educational degree. 
No other exclusions were made. The complete dataset comprised N = 300 persons (Male = 129, Female = 163, Other = 2, 
NA = 6; MAge = 33.9 [Range: 18–81] years). One participant’s age was coded NA due to the initial statement of being over 
8461 years old. Other responses of this participant were not overly suspicious. Vaccination status against SARS-CoV-2 
was distributed as follows: Unvaccinated (n = 43, 14.33%) and Vaccinated (n = 257, 85.67%).

5.1.2 � Measures

If not stated otherwise, items used a 7-point Likert scale on which the maximum represented the highest affirmation. A 
complete list of items is provided in the Supplementary.

Willingness to use. Participants were introduced to the same scenario and measurements as in the first study. However, 
we only used examples with parallel frequencies (Table 1).

Vaccination status. “Have you ever received a vaccination against SARS-CoV-2?” (Y/N).
Vaccine features: Participants were asked to rate how much the following features apply to the vaccination against 

SARS-CoV-2: naturalness, invasiveness, effectivity, and safety. Additional categories were introduced to compare ratings 
on the former two with general concerns about vaccination and Human Enhancement. Considering the initial study’s 
findings, which revealed a correlation between the refusal of the specific SARS-CoV-2 vaccine and general resistance to 
vaccination, we again chose vaccination against SARS-CoV-2 as context. Despite the diminished prominence of COVID-
19 discussions in the German public in May 2023, it was the most recent, prevalent and extensive discourse surrounding 
vaccinations.

Vaccine features importance: The participants were questioned regarding the importance they attributed to their 
perception of the aforementioned features when deciding about (not) getting vaccinated against SARS-CoV-2.

Attitude. People were again introduced to the notion of Human Enhancement and stated their attitude toward this 
phenomenon and vaccination in general.

Naturalness attitude. Same scale as in the first study.

5.1.3 � Procedure

To test our hypotheses, we conducted an online study using LimeSurvey [74] that was in full accordance with the ethical 
guidelines of the University of Bamberg. The link was distributed by the sources mentioned in the Participants section. 
It was approved by an umbrella evaluation for psychophysical testing of the University of Bamberg ethics committee 
(Ethikrat der Universität Bamberg) on August 18, 2017.

After consenting to the use of their data, participants filled out sociodemographic information and completed the 
measures as stated above. University students and participants from online survey distributors could apply for course 
credit or other benefits from the particular website. The survey language was German. Data sampling occurred from May 
12th, 2023, to May 22nd, 2023. Data analysis occurred after having recruited N = 301 participants.

5.2 � Results

When equality of variance was not present, degrees of freedom were corrected using the Welch approximation. All 
p-values are two-sided.

7  The supplementary features repeated analysis that combined random samples from both groups to a total sample of 222 with the original 
proportions. Results of these analysis support the analysis done with the sample of N = 300. So even under the original estimation, we would 
have most certainly found similar effects as reported here.
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5.2.1 � Overview and rationale of analysis

To gain insight into the suitability of our measures, we start our analysis by examining the internal consistency of the 
naturalness attitude scale and compare its sum score and attitudes toward vaccination and Human Enhancement along 
the line of vaccination status. We also analyze if participants rate the means for cognitive enhancement differently regard-
ing invasiveness and naturalness (Scales and comparison between vaccinated and unvaccinated).

We then evaluate how vaccinated and unvaccinated perceive the vaccination against SARS-CoV-2 and how much the 
perceived qualities of the vaccine contributed to the decision whether to receive it. This was done to test for the assump-
tions that unvaccinated participants deem the vaccine as more unnatural and more invasive and, due to the hypothesized 
special emphasis, attach particular importance to their perception (Perception of vaccination against SARS-Cov-2).

To ensure model robustness, we integrated novel data regarding people’s willingness to utilize cognitive enhance-
ment methods. This additional dataset was employed to validate the final model constructed in the initial study (Model 
evaluation).

5.2.2 � Scales and comparison between vaccinated and unvaccinated

Internal consistency of the naturalness attitude scale was α = 0.77, credible interval—CI95% [0.74, 0.81].8 Unvaccinated 
participants held a less affirming attitude toward Human Enhancement: t(298) = − 8.27, p < 0.001; d = − 1.36 [− 1.70, − 1.02] 
and vaccination in general t(48.82) =  − 9.50, p < 0.001; d = − 2.04 [− 2.40, − 1.67] while scoring higher in naturalness attitude 
compared to their vaccinated counterparts: t(298) = 8.49, p < 0.001; d = 1.40 [1.06, 1.74]. Credible interval of posterior dif-
ferences did not include 0.

Our first study found that unvaccinated participants rated some means for cognitive enhancement higher in invasive-
ness than vaccinated participants. In the second study, these differences were either not as strong or not significant: 
one-time administration of a drug in the form of pills (t(298) = 1.95, p = 0.052, d = 0.32 [0.00, 0.64]), one-time injection of 
a drug into the arm (t(298) = 2.64, p = 0.009, d = 0.43 [0.11, 0.76], credible interval of posterior differences did not include 
0), one-time administration of a plant-based drug (t(298) = 0.43, p = 0.66, d = 0.07 [− 0.49, 0.77]), daily administration of 
a drug in the form of pills (t(298) = 2.07, p = 0.04, d = 0.34 [0.16, 0.67], credible interval of posterior differences contained 
just 0), the daily injection of a drug into the arm (t(48.7) = 0.19, p = 0.85, d = 0.04 [− 0.28, 0.37]) and daily administration of 
a plant-based drug (t(298) = 1.25, p = 0.21, d = 0.21 [− 0.11, 0.53]).

Similar to our first study, unvaccinated participants rated the one-time administration of a drug in the form of pills 
(t(298) = − 3.16, p = 0.002, d = − 0.52 [− 0.85, − 0.19]), one-time injection of a drug into the arm (t(298) = − 3.59, p < 0.001, 
d = − 0.59 [− 0.92, − 0.26]), daily administration of a drug in the form of pills (t(68.93) = − 5.34, p < 0.001, d = − 0.72 [− 1.05, 
− 0.40]), the daily injection of a drug into the arm (t(298) =  − 2.31, p = 0.02, d = − 0.38 [− 0.70, − 0.06]) as less natural than 
vaccinated participants. Credible interval of posterior differences did not include 0 (other p’s > 0.20).

5.2.3 � Perception of vaccination against SARS‑Cov‑2

Figure 8 displays how participants perceive the vaccination against SARS-CoV-2 regarding certain features and how 
important the perceived features were for their decision to accept or reject the vaccination. Analysis and figures were 
done with ggstatsplot for R (0.10.0) [79].

A repeated measure ANOVA revealed significant differences in the importance among the unvaccinated 
F(2.51, 105.44) = 3.33, p = 0.03, �̂2

p
 = 0.001. But post hoc pairwise t-tests failed to reach significance after correcting the alpha 

level (p’s > 0.07—Supplementary). Here, the importance of perceived naturalness was the lowest among all features.
Noticing that some vaccinated participants deemed the perceived invasiveness as somewhat meaningful for their 

decision to get vaccinated, we explored correlations between the measures and across group lines (Supplementary). We 
expected that vaccinated people who reported higher importance of perceived invasiveness do so because they deem 
the vaccine less invasive. However, the analysis revealed a positive yet non-significant correlation between perceived inva-
siveness and the importance of this feature, r = 0.16, p > 0.05. Within this group, the importance of perceived invasiveness 

8  We reversed one item (Humans are the crown of creation) in accordance with the findings of the first study. However, in this sample this 
item was not negatively correlated with the PCA’s component. To ensure comparability and due to theoretical consideration about the 
scales purpose, we nevertheless decided for reversing it. If employed in future research, this item should be critically examined.
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only correlated significantly with the importance of perceived naturalness r = 0.40, and the importance of perceived safety 
r = 0.24, p’s < 0.05. This brief analysis cannot resolve the role of perceived invasiveness within vaccinated participants. We 
found a similar pattern of correlations within the vaccinated participants (rperceived invasiveness − invasiveness importance = 0.17, 
p > 0.05 and rimportance naturalness − invasiveness importance = 0.67, importance safety − invasiveness importance = 0.76, p’s < 0.05.

5.2.4 � Model evaluation

Figure 9 shows the prediction of Model 10 (Table 4) for the data of our studies.

6 � General discussion

We conducted two online studies (N = 314 and N = 300) to contextualize the relationship between vaccination behav-
ior/intention and the rejection of Human Enhancement. Our findings indicate that individuals who reject vaccination 
against SARS-CoV-2 hold stronger beliefs in favor of naturalness and value this feature more than those vaccinated. 
Unvaccinated participants also seemed to devalue invasiveness more than their vaccinated counterparts. To our 
knowledge, this is the first link between concrete vaccination behavior (in Germany) amidst a global pandemic 
and the Human Enhancement debate. Besides replicating other findings from the empirical research on Human 
Enhancement, our data also shows that attitudes toward vaccination and Human Enhancement are likely to be influ-
enced negatively by a more affirmative attitude toward naturalness. An effect that seems stronger for unvaccinated 

Fig. 8   Perception how vaccination against SARS-CoV-2 possesses a certain feature (A) and the importance of this perception for the deci-
sion whether to get vaccinated or not (B)
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participants. Rejecting vaccination appears to be indicative of a set of beliefs that reaches beyond the engagement 
with this particular enhancement and may explain the rejection of other examples and the general phenomenon.

Reported attitudes revealed that those not vaccinated favored phenomena commonly associated with alternative 
medicine and disfavored those that imply human interference with nature of various kinds. This hints toward a stable 
set of naturalness-related and affirming beliefs associated with rejecting vaccination against SARS-CoV-2.

This can be linked to a recent study by Fasce et al. [20]. Employing thematic analysis, they identified 11 “attitude roots,” 
i.e., psychological predispositions that may explain why people reject vaccination. Within their framework, the appeal to 
naturalness can fall under the theme “Natural is best,” which is grouped with other themes such as “Science denial” and 
“Alternative medicine” under the root “Unwarrented beliefs.” If supplied by religious motives, the same appeal may be 
characterized as being determined by the root “Religious concerns” and the themes of “Impurity,” respectively, “Appeal 
to natural order.” The issue of invasiveness may be fueled by the root “Fear and phobias” and its related themes of “Safety 
concerns.” Comparing the general differences between unvaccinated and vaccinated in our samples, we can also spot 
traces of other attitude roots, such as “Distorted risk perception.” This fits well with recent findings revealing substantial 
positive correlations between psychological constructs associated with attitude roots and the general endorsement 
of anti-vaccination arguments, including those unassigned to the specific root [80]. How the different anti-vaccination 
attitudes roots translate to attitudes toward Human Enhancement, in general, remains unclear. Yet, the results of our 
study point toward a possible association with at least one root.

Findings substantiate the impression that Human Enhancement is commonly understood and defined in terms of 
invasiveness and the material presence of the technology in question. The lack of the latter may explain why vaccinations 
were not seen as prime examples of Human Enhancement, similar to a previous study [1]. Interestingly, enhancement 
ratings of unvaccinated participants differed from vaccinated only in two cases that are extensively covered by the lit-
erature as prime examples of Human Enhancement: Drugs to increase life expectancy and drugs to enhance cognitive 
functioning [4].

A more positive attitude toward Human Enhancement, higher perceived naturalness of means, lower invasiveness, low 
application frequency, and a lower affirmative attitude toward naturalness predicted a higher willingness to use means 

Fig. 9   Predictions were generated by the pp_check method of brms. Random levels for participants were generated by allowing new lev-
els, sampled from a Gaussian distribution with [0, SD (Random factor participants)]. Lines represent the 95% credible interval and dots the 
median
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of cognitive enhancement across several models with sufficient certainty. Among individuals not vaccinated against 
SARS-CoV-2, perceived naturalness was reliably more influential than among vaccinated participants. Our models also 
yielded evidence for interaction effects between vaccination status and naturalness attitude (Parallel frequencies model 
only), respectively, perceived invasiveness. Although estimates of the latter were somewhat uncertain, visual analysis 
of the models’ coefficients suggested that being unvaccinated amplified the detrimental impact of attitudes towards 
naturalness and perceived invasiveness on willingness to use. Still, findings indicate that, in a context with supplementary 
background information, the perceived naturalness of the intervention appears to carry greater weight than the more 
general attitude towards naturalness. The interaction effect of vaccination status and perceived invasiveness was reli-
ably present when all interventions were included in the model. However, this effect was less certain in the sub-models 
that comprised only a portion of the interventions. Models with all interventions included highly invasive procedures, 
such as electronic device implantation and brain surgery, while the sub-models excluded these interventions. Yet, the 
sub-models featured more “classical” examples of Human Enhancement, while the former models included interventions 
not regularly discussed in the debate.

The negative impact of perceived invasiveness when contemplating means to enhance cognitive functions is concur-
rent with other studies [18, 51, 61, 62]. Considering the somewhat inconsistent findings regarding the positive effects of 
naturalness on adopting cognitive enhancement [18, 47], our research further clarifies this relation. It suggests a positive 
link between the perceived naturalness of means and the willingness to adopt them. Additionally, it elucidates the role 
of affirmative attitudes towards naturalness, which partially reaches beyond a specific enhancement’s features.

The addition of interaction terms led to improvements in model fit but rendered the effect of vaccination status highly 
uncertain. This may suggest that it is not the vaccination status per se that matters but rather the individual valuation 
of intervention properties that also manifests in vaccination behavior. This was further supported by the finding of the 
first and partially second study that unvaccinated participants rated the administration of drugs as pills or injections 
as more invasive and less natural. Although the invasiveness results were less robust, this suggests a differing percep-
tion and emphasis on variables consistently predicting the general willingness to use different cognitive enhancement 
methods. Feature properties are important, yet perception and evaluation of these properties seem linked to a broader 
belief system.

The fact that perceived naturalness, invasiveness, and affirmative attitude toward naturalness were very likely 
to impact the willingness to use cognitive enhancement, especially for the unvaccinated, may be explained by a 
close association of these features with purity concerns. It has been shown that this moral foundation, concerned 
with whether something violates the purity of something, influences both attitudes toward vaccination [12, 65] and 
cognitive enhancement [50, 51]. Most recently, Chen et al. [65] revealed the close association between the percep-
tion that vaccination against SARS-CoV-2 is impure and that the human body is sacred. Importantly the items used 
in this study contained a direct reference to the eligibility of moral statements based on alleged unnaturalness [81]. 
Chen et al. [65] point out that the body-membrane-breaking application of vaccination may trigger purity-related 
concerns. They also found that perceiving the vaccination as impure fully mediated the link between purity moral 
foundation and vaccination status. Thus, the aversion to technological interventions deemed unnatural and inva-
sive and the strong affirmation of naturalness, in general, may hint toward a strong moral foundation of purity that 
deserves further investigation.

General willingness to use the interventions appeared relatively low, especially for the unvaccinated participants 
(Fig. 9). Effects at the group level showed a considerable variation across intervention types and participants. Cred-
ible intervals of the ratings often overlapped, hindering a clear distinction between predicted ratings. However, we 
could identify a trend for the probability of the lowest rating. This may result from a general reluctance to use cognitive 
enhancement means [62, 70] and a moderate to strong negative attitude toward various phenomena related to Human 
Enhancement in general [41]. Moreover, unlike other studies [e.g., 51, 82, 83], we evaluated if participants would use 
the enhancement on themselves. There is evidence that people are reluctant to use enhancement for themselves while 
being more permissive to the use by others [47].

The final model employing interventions with parallel frequencies exhibited respectable predictive capabilities, albeit 
with some shortcomings observed specifically among unvaccinated individuals and concerning extreme ratings.

Interactions between vaccination status and naturalness attitude predicted attitudes toward Human Enhancement and 
vaccination across several models. Explained variance was consistently higher for attitude toward vaccination, probably 
due to the close association with vaccination status. The interaction effects further support our hypothesis that a stronger 
emphasis on naturalness is one link between the rejection of vaccinations and attitude toward Human Enhancement. 
However, this association was not as certain when predicting attitudes toward Human Enhancement.
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The predictive power of ratings of vaccination, as an example of Human Enhancement, on attitude toward vaccination 
and Human Enhancement was inconsistent or relatively weak (See Supplementary). Given the possibilities of interfer-
ences due to contemplating vaccination as an instance of Human Enhancement, we have no conclusive evidence for the 
claim that participants reject/accept vaccination due to classifying it as Human Enhancement. Having a particular attitude 
toward vaccination and contemplating whether it is Human Enhancement directly intertwines the two assessments. 
There may be some association, but overall, vaccination was not classified as a prime example of Human Enhancement. 
Affirmation or rejection of the two phenomena must not necessarily stem from explicit conceptualization. One can reject 
vaccination without knowing about Human Enhancement or be affirmative to the prospect of cognitive enhancement 
without acknowledging that vaccination is Human Enhancement. Still, what may link the evaluation of vaccination and 
Human Enhancement may be a set of underlying, fundamental beliefs. This is consistent with the observation that one 
general factor can explain over half of the variance in the willingness to use various Human Enhancement associated 
means [33] and the idea of anti-vaccination attitude roots [20].

Given the cross-sectional nature of our studies, inferring effects are possible. We can not rule out that vaccinated par-
ticipants’ attitudes toward vaccination changed after receiving the vaccine. Suggesting some form of post-hoc reasoning, 
an alternative model predicting the attitude toward vaccination suggests that among vaccinated participants, attitude 
toward Human Enhancement was less important than naturalness attitude, the positive effects of vaccination status, 
and identification with vaccination status. Especially those who endorse vaccination the highest may have experienced 
strengthened confidence in vaccination throughout the pandemic [84]

Vaccinations seemingly modulate the relationship toward oneself and the environment. Vaccinated participants 
reported that their feeling of safety improved after receiving the vaccine. Seemingly trivial, these findings exemplify 
that Human Enhancement can transform risk perception [2] and can yield an adaptation to a hazardous environment 
[5]. Interestingly, vaccinated people, although better protected against the disease [85, 86], reported no differing feel-
ings of vulnerability compared to unvaccinated people. In addition, unvaccinated participants reported being more 
relaxed. Reports of decreasing immune protection combined with the back-then dominance of virus variant B.1.1.529 
(“Omicron”) in Germany may have fostered increased concerns among vaccinated people. Our data suggest that receiv-
ing a vaccination does not render the virus perception-wise harmless. A decrease is not an elimination but must first be 
understood relative to an individual baseline, which may differ between vaccinated and unvaccinated and may be hard 
to decrease due to general carelessness.

Discriminatory disease containment measures may have contributed to increased feelings of being left out reported 
by unvaccinated participants. In that case, getting not enhanced modulates the relation to the social environment. Pos-
sible social influence, coercion, and division are prevalent topics in the Human Enhancement debate [26, 27, 40, 70, 71, 
87, 88]. Any so-experienced coercion to enhance, regardless of origin, can directly interfere with the subjective notion 
of autonomy and bodily integrity. The sometimes violent and aggressive civic protest of opponents of disease control 
measures and vaccination can be interpreted as the counter-reaction to a social and political environment to which the 
unvaccinated do not want to adapt with the help of Human Enhancement [see 5].

Models predicting vaccination intention suggested a negative effect of naturalness attitude for unvaccinated partici-
pants. However, the limited number of unvaccinated participants intending to receive the vaccine rendered the gener-
alizability of this effect unclear. Visual inspection also suggests the universal effect of attitude toward vaccinations and 
the support of disease control measures when predicting vaccine intention and the exact number of desired doses. In 
the latter case, the naturalness attitude had no effect. Probably because these analyses only featured individuals that 
were already vaccinated. Logically, those most concerned about their safety engage in the most protective behavior 
and higher adherence to health measures [89]. Therefore, the positive effect of supporting disease control measures in 
predicting vaccination intention may reflect one’s perception of the virus’s severity.

The design of the first study could not reveal if participants rejected the SARS-CoV-2 vaccine because they deemed 
it unnatural and invasive. Our second study aimed at addressing this gap and revealed that unvaccinated participants 
evaluated the vaccine against SARS-CoV-2 as less natural, safe, and efficient but similarly invasive as vaccinated partici-
pants. Nevertheless, perceived unnaturalness and moderate invasiveness were cited as somewhat equally influential 
in the decision not to be vaccinated as the perceived lack of safety and efficacy. Although individual vaccine hesitancy 
is a multifactorial phenomenon [14, 21, 90], the acceptance of SARS-CoV-2 vaccination appears to be closely tied to 
confidence in the vaccine’s safety and effectiveness. Conversely, vaccine rejection also seems linked to the belief that 
the vaccine is unnatural, with a particular emphasis on this perception and concerns regarding invasiveness. We present 
meaningful associations of individual vaccine hesitancy that align with previous theoretical and empirical insights.
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Affirmative attitudes toward naturalness do not simply change because one gets vaccinated, but they seem to play an 
important gatekeeping role in the decision per se. This effect seems to transpire to other instances of Humen Enhance-
ment and hinges on the technological intervention’s perceived features.

6.1 � Limitations and directions for future research

The unvaccinated participants in our studies were also targeted through Facebook groups deemed critical to disease 
control measures. It is unclear if the members of the respective groups are representative of other unvaccinated par-
ticipants, but also how many were redirected from the groups. Ubiquitous advertisements to receive the vaccination, a 
discourse that put heavy pressure on everybody to get vaccinated, and the fact that at the time of the first study, 85% 
of the German population above 18 years were vaccinated at least once [69] suggests that the remaining ~ 15% unvac-
cinated persons are likely to represent an ideological hard kernel. Still, the applicability of our results to vaccine hesi-
tancy beyond a global pandemic, especially during the early stages of a vaccination campaign against another disease, 
is restricted. Comparison between unvaccinated persons who are and are not engaged in the public anti-vaccination 
movement remains an interesting topic for future research. Future research should also investigate the relation between 
conspiracy theories and a certain appeal to natural immunity [56, 80].

We do not know if the attitude toward vaccination was already low before the pandemic or if the ubiquitous discus-
sion of this issue has polarized vaccinated and unvaccinated. Data sampling for the second study occurred in May 2023, 
when COVID-19 had practically disappeared from the German public discourse. This may have influenced the assessment 
of reasons for vaccination behavior.

Overall, the evidence for our hypotheses is weakened by the correlative and cross-sectional operationalization of the 
study that allows for no causal inference. Moreover, some participants may not be vaccinated for medical reasons or 
have just recovered from the disease.

There might be a cultural bias to our findings, especially when assessing the attitude toward phenomena like anthro-
posophy and alternate healing practitioners that has an influential tradition in Germany (Supplementary). Given the 
relatively small sample size, including the low prevalence of people who have received only one dose, and the possible 
bias, it is recommended that future studies employ larger cross-cultural samples.

Employed items were not part of a preexisting psychometric instrument and should be tested for validity. This espe-
cially concerns measurements of naturalness attitude. Within the first study, items directly referring to the vaccination’s 
effect are of limited use when answered by unvaccinated participants. Future studies should make sure to attune item 
formulation to unvaccinated participants better. The drop in internal consistency when excluding logically inconsistent 
items of the vaccination status scale further urges psychometric inquiry.

Besides the adoption of vaccination, our fictional scenarios only assessed willingness to use methods for cognitive 
enhancement, which is just one subfraction of Human Enhancement. Linking our findings to factual engagement with 
cognitive enhancement or other enhancement types other than vaccination seems promising. When assessing the 
willingness to use a method for cognitive enhancement, interventions should be more balanced and presented more 
realistically. A scenario in which side effects of the administration of plant-based drugs are communicated to have the 
same potential side effects as brain surgery demands improvement.

Perceptions of vaccines’ invasiveness and naturalness require further investigation. This may be done by experimen-
tally manipulating the administration method in hypothetical scenarios or comparing historical vaccine uptake data 
concerning the administration method (nasal vs. injection vs. oral). Studies should also examine if there is any difference 
in the perception depending on the vaccination mechanism. Still, concrete vaccination behavior is a problem difficult to 
study in a laboratory and experimental context. Quantitative measures should be enriched by qualitative accounts that 
elaborate more deeply on the individual motives and conceptual understandings [e.g., 15, 91].

7 � Conclusion

As deadly viruses like SARS-CoV-2 continue to exist and will develop in the future, humanity’s environment poses threats 
we are not fully adapted to. Rather than relying solely on external disease control measures, people have been adapt-
ing to potentially dangerous environments through vaccination for about three centuries. The reluctance to adopt this 
adaptive enhancement strategy, executed rapidly with innovative technology, appears to correlate with a heightened 
repugnance to accept interventions viewed as invasive and unnatural. This suggests that skepticism of the particular 
can transpire to rejection of the general. Rejecting vaccination can have fatal consequences, as the struggle against 

Appendix 1. Döbler and Carbon (2023) 201



Vol.:(0123456789)

Discover Psychology            (2023) 3:24  | https://doi.org/10.1007/s44202-023-00085-3	 Research

1 3

pandemics demands collaborative action and compliance with disease control measures [92]. Our studies provided 
initial evidence of aspects worth exploring further when planning future vaccination campaigns and other efforts to 
mass distribute Human Enhancement.
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Supplementary 

General 

We ran all models ran for four sample chains, 10,000 iterations each with 5,000 warm-up 

iterations. All models converged (R-hat < 1.05) [1]. We used rather uninformative priors due to 

missing knowledge about the adequacy of the items used here and the novel population and situation. 

All Data and models can be found in detail here: DOI 10.17605/OSF.IO/HWK5Q / 

https://osf.io/hwk5q/. To access models you need RStudio and the “read_rds” function of the “readr” 

package. 

Contact: Niklas Döbler, niklas.doebler@uni-bamberg.de  

Study 1  
 

Current and planned doses 

 

Table S1. Detailed analysis of received and planned 
doses 

Received 
Doses Planned Doses n 

0 Doses 0 Doses 54 
0 Doses Undecided 1 
0 Doses 2 Doses 2 
0 Doses NA 1 
1 Dose 2 Doses 1 
1 Dose 3 Doses 2 
1 Dose As needed 1 
2 Doses Undecided 1 
2 Doses 2 Doses 15 
2 Doses 3 Doses 42 
2 Doses As needed 4 
2 Doses NA 3 
3 Doses Undecided 1 
3 Doses 3 Doses 88 
3 Doses 3+ 20 
3 Doses As needed 69 
3 Doses NA 9 
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  Table S2. Received Number of Vaccine Doses 

  

0 Doses 
(n=58) 

1 Dose 
(n=4) 

2 Doses 
(n=65) 

3 Doses 
(n=187)  

Overall 
(n=314) 

More 
doses?       
No 
(Equal) 

 
54 (93.1%) 0 (0%) 15 (23.0%) 88 (47.1%) 157 

(50.0%) 

More 
 

2 (3.4%) 4 (100%) 46 (70.8%) 89 (47.6%) 141 
(44.9%) 

NA  2 (3.4%) 0 (0%) 4 (6.2%) 10 (5.3%) 16 (5.1%) 

Note. People undecided about their future vaccination status were coded as NA.   
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Enhancement ratings: 

In the former study, participants were given an exemplary definition “Human enhancement can be 

defined as the improvement of humans by technological means” [3], while in the present study, they 

were only told that this term has no standard definition but that it generally refers to technologies that 

help expand people’s abilities. 

 Among vaccinated participants, ratings of vaccinations as an example of Human 

Enhancement and feelings of being technologically enhanced correlated positively, t(254) =  

5.25, p < .001, r = 0.31 [0.20,0.42] 

 Compared to our earlier study [2], mean ratings of neuroenhancement drugs, t(379) = -2.39, 

p = .017, d = -0.32 [-0.59,-0.06], and cybernetic prostheses, t(379) =  2.17, p = .031, d = 0.29 

[0.03,0.57], were lower, respectively higher than in the present study.  

Figure S1. Enhancement ratings. Error bars indicate 95% Confidence Intervals (CIs). Döbler and Carbon 
(2021) used the same examples [2].  
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Discussion:  

There were no differences in these ratings across vaccination status groups, except in 

terms of Drugs to increase life expectancy and drugs to enhance cognitive functioning. These 

enhancements were rated as less exemplary while also being considered crucial for the 

“Enhancement Project” and the desire to radically emancipate from the human condition [4–

6]. While there are reasons to reject radically enhanced cognitive functions based on a 

“conservative bias” that values the status quo more than a promised, more valuable future 

condition, radical life expectancy enhancement cannot be rejected on the same ground [7]. 

Further research should investigate which conceptualization of Human Enhancement is 

publicly predominant.  

Vaccinated participants reported feeling more technologically enhanced. Unvaccinated 

participants are unlikely to affirm this statement, as it indirectly refers to being vaccinated. 

However, one must note the low affirmation of this statement among vaccinated individuals 

and the possibility of a confounding effect due to asking whether participants consider 

vaccinations as Human Enhancement. Ratings of vaccinations as examples of Human 

Enhancement and feelings of being technologically enhanced correlated moderately positively 

among vaccinated participants.  
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Enhancement examples: 

Participants also had the opportunity to state which enhancement they are using in their daily lives. 

We categorized the answers but refrained from reporting them in the manuscript after critically 

assessing the possibility that the examples were confounded with the enhancement ratings question. 

The respective data is provided in the OSF. 

Willingness to use 

We chose a cumulative mixed-model Bayesian ordered logistic regression to account for the highly 

non-normal distribution of Use ratings (Figure 1). Unlike other surveys, the intervention 

characteristics were rated by the participants themselves and were not pre-set by the researchers 

(besides frequency of application). The interaction terms were implemented to reflect the hypothesized 

different salience of attributes. The density of willingness to use and thresholds suggests that people 

are generally more adverse to using the enhancement at all. Similar findings are reported by Sattler et 

al. [8]. Priors for the predictors: N(0,2). Thresholds and SD = Student’s t-distribution, v = 3, μ = 0, σ = 

2.5. Values were non-scaled and not centered due to the necessity for the outcome to be a positive 

value. Priors were chosen to reflect this. 

The following pages feature more detailed information about the models presented in the 

manuscript. First, those that assessed all possible interventions and then those that only used the ones 

with parallel frequencies.  

 

Table S3. Mean and standard deviations of used examples (All participants – First Study) 
Example Use Mean Use SD Invasiveness Mean Invasiveness SD Naturalness Mean Naturalness SD 

Daily Administration of a drug in the form of pills 3.50 2.22 4.70 1.86 2.23 1.44 
Daily Administration of a plant-based drug 3.98 2.15 4.04 1.82 3.96 1.78 

Daily Injection of a drug into the arm 2.41 1.79 5.54 1.60 1.90 1.33 
Daily Meditation 4.57 2.05 2.42 1.87 5.66 1.71 
Special raw food diet 3.53 1.86 2.69 1.66 5.03 1.65 

Once Completion of a cognitive training program 5.26 1.65 2.34 1.57 5.22 1.54 
Once Administration of a drug in the form of pills 4.72 2.35 3.84 2.00 2.63 1.56 

Once Administration of a plant-based drug 5.30 2.07 3.18 1.82 4.54 1.76 
Once Brain surgery 1.86 1.43 6.76 0.87 1.36 0.97 

Once Implantation of an electronic device into the brain 2.10 1.58 6.70 0.99 1.27 0.92 
Once Injection of a drug into the arm 4.50 2.42 4.47 1.88 2.36 1.48 
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Table S4. Estim
ates of w

illingness to use an intervention to boost cognitive perform
ance 

A
ll Interventions 

M
odel 1 

M
odel 2 

M
odel 3 

M
odel 4 

M
odel 5 

Predictor 
O

dds ratio (O
R

; M
edian) 

95%
 Credible Interval (C

I) 
pd 

O
R

 
95%

C
I 

pd 
O

R
 

95%
C

I 
pd 

O
R

 
95%

C
I 

pd 
O

R
 

95%
C

I 
pd 

Perceived invasiveness 
0.76 

0.72 – 0.81 
100%

 
0.76 

0.72 – 0.80 
100%

 
0.59 

0.52 – 0.66 
100%

 
0.59 

0.52 – 0.67 
100%

 
0.59 

0.52 – 0.67 
100%

 

Perceived naturalness 
1.61 

1.52 – 1.71 
100%

 
2.53 

2.29 – 2.80 
100%

 
2.23 

1.99 – 2.50 
100%

 
2.23 

1.99 – 2.51 
100%

 
2.24 

2.00 – 2.52 
100%

 

A
ttitude H

um
an Enhancem

ent 
1.44 

1.23 – 1.68 
100%

 
1.48 

1.27 – 1.73 
100%

 
1.47 

1.25 – 1.72 
100%

 
1.41 

1.06 – 1.89 
99.10%

 
1.41 

1.05 – 1.88 
98.60%

 

N
aturalness attitude 

0.97 
0.94 – 0.99 

99.20%
 

0.96 
0.94 – 0.99 

99.50%
 

0.97 
0.94 – 0.99 

99.40%
 

0.96 
0.94 – 0.99 

99.40%
 

0.96 
0.90 – 1.01 

92.30%
 

V
accinated 

2.24 
1.25 – 4.06 

99.70%
 

16.56 
8.11 – 34.25 

100%
 

2.8 
1.01 – 7.83 

97.60%
 

2.31 
0.45 – 11.09 

84.40%
 

1.77 
0.13 – 24.39 

66.20%
 

V
accinated x Perceived naturalness 

0.57 
0.51 – 0.62 

100%
 

0.66 
0.59 – 0.75 

100%
 

0.66 
0.59 – 0.75 

100%
 

0.66 
0.58 – 0.75 

100%
 

V
accinated x Perceived invasiveness 

1.37 
1.20 – 1.56 

100%
 

1.37 
1.20 – 1.56 

100%
 

1.37 
1.20 – 1.56 

100%
 

V
accinated x A

tt. H
um

an Enhancem
ent 

1.06 
0.76 – 1.47 

62.60%
 

1.06 
0.76 – 1.48 

63.40%
 

V
accinated x N

aturalness attitude 
1.01 

0.95 – 1.07 
59.50%

 

Frequent U
se 

0.72 
0.08 – 6.86 

62.20%
 

0.78 
0.08 – 8.19 

58.50%
 

0.83 
0.07 – 9.45 

56.10%
 

0.81 
0.07 – 9.18 

56.90%
 

0.8 
0.08 – 9.11 

57.20%
 

O
ne-Tim

e U
se 

5.31 
4.40 – 6.43 

100%
 

5.84 
4.82 – 7.10 

100%
 

6.11 
5.02 – 7.40 

100%
 

6.1 
5.05 – 7.40 

100%
 

6.1 
5.04 – 7.38 

100%
 

G
roup-level effects 

sd(Intervention type) 
3.34 

2.07 - 10.10 
3.76 

2.24 - 12.88 
4.03 

2.33 - 17.15 
4.04 

2.31 - 14.49 
3.99 

2.32 - 14.49 

sd(Participant) 
5.47 

4.64 - 6.62 
5.75 

4.86 - 6.69 
5.81 

4.91 -  7.05 
5.84 

4.92 - 7.07 
5.83 

4.91 - 7.06 

LO
O

-inform
ation criterion 

9,615.2 (112.0) 
9,467.4 (114.1 ) 

9,447.9 (113.3 ) 
9,447.7 (113.4 ) 

9,448.7 (113.4 ) 

Interventions w
ith parallel frequencies 

M
odel 6 

M
odel 7 

M
odel 8 

M
odel 9 

M
odel 10 

Predictor 
O

R
 

95%
C

I 
pd 

O
R

 
95%

C
I 

pd 
O

R
 

95%
C

I 
pd 

O
R

 
95%

C
I 

pd 
O

R
 

95%
C

I 
pd 

Perceived invasiveness 
0.63 

0.56 – 0.70 
100 %

 
0.63 

0.57 – 0.70 
100%

 
0.51 

0.41 – 0.64 
100%

 
0.52 

0.41 – 0.65 
100%

 
0.55 

0.43 – 0.69 
100%

 

Perceived naturalness 
1.87 

1.68 – 2.09 
100 %

 
3.2 

2.66 – 3.87 
100%

 
2.99 

2.44 – 3.68 
100%

 
3.03 

2.48 – 3.73 
100%

 
3.15 

2.55 – 3.93 
100%

 

A
ttitude H

um
an Enhancem

ent 
1.84 

1.39 – 2.44 
100 %

 
1.9 

1.43 – 2.54 
100%

 
1.88 

1.41 – 2.53 
100%

 
1.42 

0.86 – 2.29 
91.40%

 
1.44 

0.87 – 2.37 
92.20%

 

N
aturalness A

ttitude 
0.94 

0.90 – 0.99 
99 %

 
0.93 

0.89 – 0.98 
99.70%

 
0.93 

0.89 – 0.98 
99.50%

 
0.93 

0.89 – 0.98 
100%

 
0.88 

0.81 – 0.97 
99.70%

 

V
accinated 

7.8 
2.83 – 22.83 

100 %
 

58.65 
17.42 – 208.26 

100%
 

16.12 
2.89 – 91.25 

99.90%
 

4.82 
0.39 – 51.82 

89%
 

0.85 
0.03 – 23.44 

53.70%
 

V
accinated x Perceived naturalness 

0.5 
0.41 – 0.60 

100%
 

0.54 
0.43 – 0.67 

100%
 

0.53 
0.43 – 0.66 

100%
 

0.51 
0.41 – 0.64 

100%
 

V
accinated x Perceived invasiveness 

100%
 

1.29 
1.01 – 1.66 

98%
 

1.26 
0.99 – 1.62 

96.80%
 

1.2 
0.92 – 1.56 

91.10%
 

V
accinated x A

tt. H
um

an Enhancem
ent 

1.47 
0.86 – 2.51 

92.20%
 

1.39 
0.81 – 2.43 

88.70%
 

V
accinated x N

aturalness attitude 
1.07 

0.98 – 1.18 
93%

 

O
ne-Tim

e U
se 

10.9 
8.48 – 14.03 

100 %
 

12.18 
9.45 – 15.76 

100%
 

12.66 
9.82 – 16.44 

100%
 

12.72 
9.81 – 16.50 

100%
 

12.64 
9.78 – 16.46 

100%
 

G
roup-level effects 

sd(Intervention type) 
1.8 

1.23 - 10.86 
1.87 

1.25 - 9.65 
1.92 

1.26 - 12.67 
1.94 

1.26 - 20.76 
1.88 

1.25 - 12.38 

sd(Participant) 
22.94 

16.48 - 33.25 
24.88 

17.80 - 36.54 
24.94 

17.83 - 36.77 
25.3 

17.93 - 37.15 
25.37 

18.17 - 37.58 

LO
O

-inform
ation criterion 

4,383.5 (88.6 ) 
4,318.7 (89.9) 

4,323.6 (89.9 ) 
4,322.5 (89.9 ) 

4,323.4 (90.3 ) 

N
ote. Inform

ation on the posterior distribution of the calculated m
ixed-m

odel B
ayesian ordered cum

ulative regression. D
aily use and not being vaccinated w

ere reference categories to the respective predictors. Priors for the predictors: N
(0,2). Thresholds (not show

n) and sd = Student’s t-distribution, v = 3, μ = 0, σ = 2.5 (brm
s default). Parallel frequency 

(M
odels 6-10) m

eans that w
e included only those interventions that w

ere explicitly recorded tw
ice in term

s of the required frequency of use (D
aily or O

nce, see Table 1). In these m
odels, no interventions needed “frequent” use. N

um
ber of data points for m

odels 1-5 = 3,454; m
odels 6-10 = 1,884. pd is the probability of direction, i.e., the probability that the 

effect is greater or sm
aller than 0 (or one if converted to O

R
), as indicated by the coefficient m

edian 

Appendix 1.1. Döbler and Carbon (2023) Supplementary 211



 

Histograms for the willingness to use cognitive enhancement interventions 

 

Figure S2. Figure S2: Ratings on “frequent” Enhancement Use are inevitably confounded with ratings on “Special raw 
food” diet, because this is the only example of this application frequency. 
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Analysis of the Attitude toward vaccination / Human Enhancement: 

We chose vaccination status as a binary variable over the exact number of doses due to the 

small size of the “1 Dose group”. Priors for the predictors were set as being informative N(0,1). For 

the intercept, brms’s default settings used a Student’s t-distribution (v = 3, μ = 0.7 and σ = 2.5), and for 

SD, a Student’s t-distribution (v = 3, μ = 0 and σ = 2.5). Family = Gaussian. VIF for all predictors < 

10, with the exception of Model 5 (Attitude toward vaccination), where Enhancement Rating 

Vaccinations and  Enhancement Rating Vaccinations x Vaccinated = VIF > 10.  

When predicting attitudes toward Human Enhancement, our first models employed attitudes 

toward vaccination and vaccination status as predictors. Final version of these models displayed high 

signs of multicollinearity (VIF > 10 and evident visual correlation between predictor estimations). 

Hence we dropped the attitude toward vaccination because vaccination status was theorized to be the 

more fundamental measurement since it refers to concrete behavior.  

 

Table S5. Outcome: Attitude toward Vaccination 

 Model 1 Model 2 Model 3 Model 4 Model 5 

Predictors β 
(Median)  

95% Credible 
Interval (CI) pd β 95%CI pd β 95%CI pd β 95%CI pd β 95%CI pd 

Enhancement 
Rating 
Vaccinations 

0.02 [-0.04, 0.08] 73.50% 0.09 [-0.06, 0.23] 88.20% 0.05 [-0.01, 0.11] 93.90% 0.02 [-0.04, 0.09] 78.00% 0.16 [0.02, 0.30] 98.70% 

Attitude Human 
Enhancement 0.09 [0.02, 0.16] 99.50% 0.1 [0.03, 0.17] 99.70% 0.32 [0.19, 0.44] 100.00% 0.08 [0.01, 0.15] 98.90% 0.28 [0.15, 0.42] 100.00% 

Vaccinated  1.6 [1.42, 1.78] 100.00% 1.59 [1.41, 1.77] 100.00% 1.46 [1.27, 1.64] 100.00% 1.39 [1.17, 1.60] 100.00% 1.32 [1.10, 1.54] 100.00% 

Naturalness 
Attitude -0.28 [-0.35, -0.21] 100.00% -

0.28 
[-0.35, -

0.21] 100.00% -
0.28 

[-0.35, -
0.21] 100.00% -

0.53 
[-0.70, -

0.37] 100.00% -
0.44 

[-0.61, -
0.27] 100.00% 

ER Vaccinations 
x Vaccinated 

   

-
0.08 [-0.25, 0.08] 84.40% 

      

-
0.14 [-0.30, 0.02] 95.80% 

Att. HE x 
Vaccinated 

      

-
0.31 

[-0.46, -
0.16] 100.00% 

   

-
0.26 

[-0.42, -
0.10] 100.00% 

Naturalness 
Attitude x 
Vaccinated 

         

0.3 [0.12, 0.48] 100.00% 0.2 [0.02, 0.38] 98.40% 

R2 Bayes 0.7 0.7 0.72 0.71 0.72 

LOO-
information 
criterion 

524.7 (46.1) 526.4 (45.8) 510.7 (51.8) 515.9 (48.9) 508.7 (52.0 ) 

Note. Information on the posterior distribution of the calculated Bayesian linear regression. Priors for the predictors: N(0,1). Intercept = Student’s t-distribution, v = 3, μ = 0.7, σ = 2.5 (brms default). Sd = 
Student’s t-distribution, v = 3, μ = 0, σ = 2.5 (brms default). Estimates are standardized effect sizes. LOO-information criterion (standard error in parentheses): Lower values indicate a better model fit. Each 
model ran four sampling chains, each with 1e4 iterations and 5,000 warm-up draws. pd is the probability of direction, i.e., the probability that the effect is greater or smaller than 0, as indicated by the 
coefficient median 
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Table S7. Alternative model for attitude toward vaccination 
Predictors Estimates CI (95%) pd 
Effect of vaccination 
status 

0.23 0.14 – 0.33 
100% 

Improvement after first 
dose 

0.00 -0.09 – 0.08 
53.50% 

Identification with 
vaccination status 

0.07 0.01 – 0.14 

98.70% 
Naturalness attitude -0.18 -0.24 – -0.11 100% 
Attitude Human 
Enhancement 

0.00 -0.07 – 0.07 

51.40% 
Observations 256 (Vaccinated only) 
R2 Bayes 0.323 
LOO 338.7 (48.5) 
 This model used the full effect of the vaccination status scale.  

 

 

 

Table S6. Estimating Attitude toward Human Enhancement 
 

 Model 1  Model 2 
 

Model 3 
 

Model 4 
 

Model 5 
 

Predictors β 
(Median)  95%CI pd β 95%CI pd β 95%CI pd β 95%CI pd β 95%CI pd 

Enhancement 
Rating Vaccinations 0.17 [0.07, 0.27] 100.00% -0.24 [-0.46, -0.01] 98.00% 0.17 [0.07, 

0.27] 100.00% -0.22 [-0.45, 0.01] 97.10% -0.01 [-0.41, 0.39] 52.70% 

Vaccinated  0.51 [0.22, 0.79] 100.00% 0.54 [0.26, 0.82] 100.00% 0.3 [-0.05, 
0.65] 95.60% 0.38 [0.04, 0.72] 98.50% 0.36 [0.02, 0.70] 98.20% 

Naturalness 
Attitude -0.31 [-0.42, -0.20] 100.00% -0.31 [-0.42, -0.20] 100.00% -0.54 [-0.79, -

0.29] 100.00% -0.49 [-0.74, -0.24] 100.00% -0.48 -0.73 – -
0.24 100.00% 

ER Vaccinations x 
Vaccinated 

   0.5 [0.24, 0.75] 100.00%    0.47 [0.23, 0.73] 100.00% 0.25 [-0.16, 0.66] 88.80% 

Naturalness 
Attitude x 
Vaccinated 

      0.28 [0.01, 
0.56] 97.70% 0.22 [-0.05, 0.50] 94.40% 0.21 [-0.05, 0.48] 89.90% 

ER Vaccinations x 
Naturalness 

Attitude 
            -0.17 [-0.44, 0.10] 94.10% 

 ER Vaccinations x 
Nat. Att x 

Vaccinated 
            0.1 [-0.19, 0.38] 74.20% 

R2 Bayes 0.219 0.257 0.23 0.264 0.274 

LOO-information 
criterion 823.5 (26.00) 810.1 (25.7 ) 821.5 (25.8) 809.7 (25.7) 810.6 (25.8) 

Note. Information on the posterior distribution of the calculated Bayesian linear regression. Priors for the predictors: N(0,1). Intercept = Student’s t-distribution, v = 3, μ = 0.7, σ = 2.5 (brms default). Prior for SD 
= Student’s t-distribution, v = 3, μ = 0, σ = 2.5 (brms default). Estimates are standardized effect sizes. LOO-information criterion (standard error in parentheses): Lower values indicate a better model fit. Each 
model ran four sampling chains, each with 1e4 iterations and 5,000 warm-up draws.  CI = Credible interval. pd is the probability of direction, i.e., the probability that the effect is greater or smaller than 0, as 
indicated by the coefficient median.       
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Discussion: 

The non-predictive power of attitude toward Human Enhancement in this alternative 

model is concordant with the visual analysis of Model 5, that showed that the same variable 

seemingly only increased attitude toward vaccination for the unvaccinated participants. The 

interaction effect seemed to have canceled out the positive effect of attitude towards Human 

Enhancement. This suggests that unvaccinated tend to be more favorable to a specific 

biotechnological intervention when they are generally open to the improvement of human 

capabilities. It is unclear why we do not see a similar association among the vaccinated 

participants. One possibility would be a ceiling effect concerning the attitude toward 

vaccination among the vaccinated participants that diminishes the difference between those 

unfavorable against Human Enhancement and those with more affirmative attitudes.  
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Wanting more doses of vaccine: 

After testing for the assumed link between vaccination behavior Human Enhancement 

and perceived naturalness/invasiveness, we were interested in what drives vaccination 

intention, especially for already vaccinated and boostered participants. This interest emerged 

during the data analysis after recognizing that many people stated that they wanted to receive 

more than three doses (cf. Figure 1, Supplementary). 

36.9% (69/187) of the boostered people reported getting as many doses as medically 

advised or needed. This is 77.5% (69/89) of all boostered participants that want to receive 

more doses. Out of the n  = 65 with two doses, only n = 4 (6.2%) reported wanting more than 

three doses. We used Bayesian logistic regression to predict whether individuals plan to 

receive more vaccine doses, regardless of the exact intended amount, and excluded all 

participants whose intention was either not comprehensible or indecisive. 

Due to the underrepresentation of some groups, models were employed using a 

different subset of the participants. This set either contained only unvaccinated participants, 

no participants that received one dose, all participants, or vaccinated only. We also calculated 

one model in which the received number of doses was the sole predictor.  

As the exact number of received doses is of interest here, it was decided to implement 

the respective predictor, not the general vaccination status. The number of received doses was 

implemented as a factor to evaluate differences between the groups. Note that the 1 Dose 

group only contains four individuals. Priors for the predictors were set as being 

uninformative, normally distributed N(0,1). For the intercept, the brms default settings used a 

Student’s t-distribution (v = 3, μ = 0, and σ = 2.5). Family = Bernoulli.  

A model dropping attitude toward vaccination and the number of received doses had a 

poorer fit than the compared first model (Loo difference = -25.21 (5.8)). Credible intervals 
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around the estimated Odds ratio always included 1 in this model. The only exception was the 

Support of disease control measures OR = 3.31, 95%CI [2.23, 5.10]. Since more differs 

depending on already received doses, we employed the exact number as a predictor but 

acknowledged that the one-dose group is very small. 
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Table S8. Predicting the plan to get more doses of vaccine 

 Model 1 Model 2  Model 3  Model 4 Model 5 

Sample Unvaccinated only No participants that received one dose All participants Vaccinated only All participants 

Predictors OR CI (95%) pd OR CI (95%) pd OR CI (95%) pd OR CI (95%) pd OR CI (95%)   

Att. HE 1.32 0.33 – 5.76 65.10% 1.27 0.48 – 3.42 68.00% 1.24 0.47 – 3.30 66.70% 1.12 0.36 – 3.48 57.30%    
Att. Vac 1.56 0.31 – 8.53 70.50% 3.26 1.08 – 10.60 98.20% 3.00 1.02 – 9.47 97.70% 1.95 0.57 – 6.75 85.90%    
Improve 1.05 0.20 – 6.05 52.00% 1.29 0.44 – 3.90 67.70% 1.32 0.45 – 3.91 69.80% 1.01 0.30 – 3.26 50.80%    
EOVS 2.02 0.44 – 9.76 82.20% 2.09 0.75 – 6.04 91.80% 2.09 0.78 – 5.80 92.50% 1.16 0.35 – 3.90 59.70%    
SDCM 1.77 0.34 – 9.32 75.00% 3.40 1.14 – 10.34 98.60% 3.54 1.23 – 10.58 99% 2.38 0.72 – 7.99 92.50%    
COVID 0.91 0.14 – 5.56 54.00% 1.12 0.28 – 4.50 56.30% 1.25 0.31 – 4.87 62.70% 1.46 0.39 – 5.60 70.90%    
Nat. Att 0.26 0.06 – 1.03 97.20% 0.55 0.21 – 1.38 89.60% 0.51 0.19 – 1.30 92.30% 0.77 0.25 – 2.41 67.10%    
0 Doses     Reference Reference    Reference 

1 Dose       2.25 0.39 – 13.29 81.30% Reference 6.51 1.51 – 29.36 99.40% 

2 Doses    4.62 1.20 – 17.88 98.60% 3.75 1.02 – 14.15 97.60% 2.21 0.54 – 8.91 86.40% 14.63 6.78 – 33.18 100.00% 

3 Doses    0.35 0.09 – 1.34 93.90% 0.28 0.07 – 1.05 97% 0.17 0.04 – 0.66 99.50% 5.71 2.93 – 11.73 100.00% 

Att. HE x 1 
Dose       0.97 0.15 – 6.59 51.10%       

Att. HE x 2 
Doses    1.17 0.36 – 3.87 60.50% 1.19 0.36 – 3.83 60.70% 1.23 

0.35 – 4.46 

62.40%    

Att. HE x 3 
Doses    0.71 0.26 – 1.96 74.60% 0.73 0.26 – 2.00 73.50% 0.81 

0.25 – 2.62 

63.30%    

Att. Vac x 1 
Dose       0.64 0.10 – 4.08 67.60%       

Att. Vac x 2 
Doses    1.18 0.28 – 5.07 59.40% 1.23 0.30 – 5.28 61.20% 1.75 

0.43 – 7.54 

77.70%    

Att. Vac x 3 
Doses    1.21 0.31 – 4.77 61% 1.26 0.33 – 4.78 62.90% 1.63 

0.42 – 6.36 

75.40%    
Nat. Att x 1 

Dose       0.67 0.10 – 4.20 66.50%       
Nat. Att x 2 

Doses    1.77 0.49 – 6.32 81.20% 1.85 0.52 – 6.64 83.20% 1.24 
0.32 – 4.89 

62.60%    
Nat. Att x 3 

Doses    1.56 0.59 – 4.28 81.10% 1.67 0.63 – 4.70 84.90% 1.11 
0.34 – 3.59 

57.00%    
Improve x 1 

Dose       0.82 0.12 – 5.62 58%       

Improve x 2 
Doses    0.91 0.25 – 3.16 56.30% 0.89 0.25 – 3.16 57.40% 1.19 

0.32 – 4.55 

59.90%    

Improve x 3 
Doses    0.86 0.27 – 2.63 60.60% 0.83 0.27 – 2.57 62.50% 1.02 

0.30 – 3.53 

51.10%    
EOVS x 1 

Dose       0.76 0.12 – 5.11 60.90%       
EOVS x 2 

Doses    1.19 0.31 – 4.61 60% 1.19 0.32 – 4.66 60% 2.02 
0.47 – 8.84 

82.90%    

EOVS x 3 
Doses    0.43 0.14 – 1.24 94.10% 0.42 0.15 – 1.22 94.30% 0.84 

0.25 – 2.81 

61.10%    

SDCM x 1 
Dose       0.88 0.14 – 5.66 55.20%       

SDCM x 2 
Doses    1.80 0.48 – 7.10 80.50% 1.77 0.48 – 7.17 80% 2.3 

0.57 – 9.38 

87.60%    
SDCM x 3 

Doses    0.82 0.26 – 2.62 63.10% 0.79 0.25 – 2.48 65.50% 1.13 
0.32 – 3.87 

57.60%    
COVID x 1 

Dose       1.32 0.21 – 8.40 61.30%       

COVID x 2 
Doses    2.64 0.53 – 13.72 88.60% 2.48 0.50 – 12.97 86.70% 2.25 

0.46 – 11.32 

84.00%    
COVID x 3 

Doses       0.50 0.11 – 2.35 80.80% 0.47 0.10 – 2.18 83.30% 0.41 
0.09 – 1.88 

87.30%       

Observations 56 294 298 242 298 

LOO-
information 

criterion 6.6 (2.8) 274.5 (16.8)  278.3 (17.1)  273.4 (14.9 ) 349.7 (10.2) 
Note. Information on the posterior distribution of the calculated Bayesian logistic regression. Priors for the predictors: normal distributed, N(0,1). Intercept = Student’s t-distribution, v = 3, μ = 0, σ = 

2.5 (brms default). LOO-information criterion (standard error in parentheses): Lower values indicate a better model fit. Each model ran four sampling chains, each with 1e4 iterations and 5,000 
warm-up draws. Att. HE = Attitude toward Human Enhancement, Att. Vac = Attitude toward vaccination, Improve = Effects of first (possible) Vaccination, EOVS = Effect of vaccination status, 

SDCM = Support of disease control measures, COVID = Past SARS-CoV-2 infection, Nat. Att = Naturalness Attitude. pd is the probability of direction, i.e., the probability that the effect is greater 
or smaller than 0 (or 1 if converted to OR), as indicated by the coefficient median. Models (1-3) that included data from unvaccinated participants used the reduced EOVS scale, from which two 

items that directly referred to the vaccination were dropped. 
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Predicting exact numbers of planned vaccine dose 

To avoid logical contradiction between current and desired doses (Boostered participants can 

only plan to get three or more doses, while people with two doses can desire two or more. In an 

ordered cumulative logistic regression, the predictor of having had three doses cannot be interpreted 

on its effect of planning two doses), the data was split. Priors for the predictors were considered 

uninformative, N(0,1). For the intercept, the brms default settings used a Student’s t-distribution (v = 

3, μ = 0, and σ = 2.5). In this model, we used the complete effect of the vaccination status scale. 

All unvaccinated 2/58 (5.2%) who planned to get vaccinated planned to get two doses. All 

four participants that received one dose stated that they wanted to receive more doses (25%;1/4 = 2 

Doses, 50%;2/4 = 3 Doses, 25%;1/4 = As needed), but the sample size was too small. 

 

Table S9. Predicting Desired Doses  

 
Sample 

 2 Doses Received  3 Doses Received 

Predictors OR 95% CI pd  OR 95% CI pd  OR 95% CI pd  OR 95% CI pd 

Attitude 
Human 
Enhancement 

1.78 [0.87, 3.74] 94.30%  1.84 [0.92, 3.79] 95.70%  1 0.71 – 1.41 50.30%  0.98 [0.70, 1.37] 54.30% 

Attitude 
Vaccination 3.04 [1.01, 9.86] 97.60%    

 
 3.59 [1.28, 

10.86] 99.30%    
 

Improvement 
after first dose 0.9 [0.43, 1.89] 60.80%  0.89 [0.44, 1.84] 62.10%  1.09 [0.68, 1.75] 63.90%  1.09 [0.69, 1.75] 64.20% 

Effect of 
vaccination 
status  

3.09 [1.06, 9.48] 98.00%  3.63 [1.31, 
10.91] 99.40%  0.96 [0.58, 1.58] 56.00%  1.02 [0.62, 1.67] 53.80% 

Support of 
disease control 
measures 

4.55 [1.73, 13.02] 99.90%  5.68 [2.22, 
16.11] 100.00%  2.16 [1.23, 3.94] 99.70%  2.6 [1.53, 4.61] 100.00% 

Past SARS-
CoV-2 
infection 

2.84 [0.81, 10.16] 94.70%  2.66 [0.78, 9.42] 94.30%  0.56 [0.13, 2.21] 79.00%  0.45 [0.11, 1.66] 88.50% 

Naturalness 
attitude 1.2 [0.52, 2.82] 66.40%   0.96 [0.44, 2.10] 54.30%   0.91 [0.62, 1.32] 69.90%   0.81 [0.56, 1.16] 88.20% 

LOO-
information 
criterion 

58.4 (10.5)  61.0 (10.5)  329.8 (15.1)  334.8  (14.7) 

Observations 61  177 

Note.  Information on the posterior distribution of the calculated Bayesian logistic regression. Priors for the predictors: N(0,1). Intercept = Student’s t-
distribution, v = 3, μ = 0, σ = 2.5 (brms default). LOO-information criterion (standard error in parentheses): Lower values indicate a better model fit. pd is the 
probability of direction, i.e., the probability that the effect is greater or smaller than 0 (or 1 if converted to OR), as indicated by the coefficient median  
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Discussion: 

Depending on the model’s complexity, the odds ratio of wanting more doses when being 

vaccinated three times compared to zero doses was < 1. Visual inspection of a model that 

included all but those participants who have only received one dose suggests a general effect 

of attitude toward vaccinations and the support of disease control measures for vaccine 

intention. Group-related differences merely influenced the certainty about the effect. Even if 

effects vary in uncertainty, strength, and alleged direction across participant groups: If 

examined in a broad context of different variables and interactions, having received three doses 

alone is insufficient to conclude that these people will further engage in specific vaccination 

behavior. More important than the mere number are the underlying attitudes.  

It is important to note two transition steps when predicting future vaccination doses. First 

is the decision to get vaccinated at all. The evident differences between vaccinated and 

unvaccinated participants suggest that this is related to attitudes toward vaccination and the 

basic notion of the relationship toward nature. This conclusion is supported by the negative 

influence of naturalness attitude on the intention to get more doses if unvaccinated participants 

were evaluated alone. Hence, the decision to engage with technological interventions seems to 

be fundamentally linked to the attitude toward naturalness. Once vaccinated, the second 

transition is the decision to get more vaccine doses, or more specifically, to plan to get as many 

doses as medically required or needed. Here, the effect of the individual sets of beliefs and 

attitudes on naturalness-related questions may not disappear but decrease in importance and 

gain uncertainty. Wanting more vaccination among the vaccinated participants depends mostly 

on the attitude toward vaccination and the support of disease control measures. But vaccination 

intention seems less present for people who have already been “boostered,” i.e., received three 

doses.  

 When assessing and predicting the exact number of planned vaccinations, it became 

evident that people with two doses seemed to plan until getting boostered. Only 6.2% of these 
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participants stated that to receive more than three doses. If willing to receive more doses, 

boostered participants plan even further. This cannot be explained by the fact that “more” for 

boostered patients is always more than three doses. 77.5% of participants wanting more doses 

stated they would receive as many doses as needed without submitting themselves to a specific 

number. Once again, the support of disease control measures and the attitude toward 

vaccinations mattered the most here, while the naturalness attitude had no predictive power. In 

addition, the positive aspect based on their vaccination status mattered only for people having 

received two doses. Visual inspection of the model also suggested a discernible but uncertain 

effect of attitude toward Human Enhancement for the intention to get three, respectively, as 

many doses as needed for participants with two doses. It is generally unclear whether the 

vaccinated persons are apodictic on the exact number of planned doses. Yet, it seems like there 

are psychological thresholds, ranging from dose to dose, that must be traversed when planning 

further ahead.  

However, there is evidence for questioning the strength of intention. Consider that data 

sampling occurred in January 2022. As effective of January 2023, ~18 percent of the German 

population above 18 years have received more than three vaccine doses [9]. If we compare that 

number to the 29.9% (94 / 314) of the entire sample, respectively 36.7% (94 / 256)1 of the 

vaccinated participants, who stated that they either plan to receive more than three or as many 

doses as medically necessary, we seem to encounter a gap between intention and actual 

behavior. However, we do not know how many of our participants put their plans for further 

vaccinations into action. 

Contemplating reasons for getting more doses, another possibility may be that vaccinated 

people want to receive more doses because of the restrictions imposed on unvaccinated and not 

boostered persons. Since three doses were often sufficient to circumvent other measures like 

 
1 No unvaccinated participant reported to want more than 2 doses 
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mandatory testing, this would explain why vaccination uptake beyond three doses is still 

relatively low in Germany, even when the pandemic was more prevalent. Another reason lies 

in the fact that the German Health authorities have not explicitly affirmed the medical necessity 

for more than three doses unless for people with a certain age, medical history, or occupation 

[10]. Either way, getting boostered or vaccinated in the first place can be understood as adapting 

oneself toward a hazardous or socially restrictive environment through technology, i.e., a form 

of Human Enhancement. 

If there is a sufficient supply of vaccines, every citizen is faced with the decision to get 

vaccinated. This collective interpellation may result in increased polarization [11]. As most 

unvaccinated people in our first study were not planning to get a vaccination in the future, 

opinions appear immutable. 
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Table S10. Items used in the different scales used in Study 1 
Question Block Wording  Item  

Attitude 
Based on what you personally know about the following 
topics and what is reported in the media. What is your 

attitude toward: 

Human interference with nature Genetic manipulation of animals 
Human Enhancement Genetic manipulation of humans 
Efforts to colonize space Anthroposophy 
Vaccinations Homeopathy 
Genetic manipulation of plants Healing practitioners 

Enhancement 
Rating  

A special type of technology is the so-called “human 
enhancement.” The term “human enhancement” is usually 
used to describe technologies that help to expand people’s 
abilities. However, there is no standard definition. Evaluate 
to what extent you think the following examples fall under 
the term human enhancement. 

See. Figure S1 in the Supplementary 

Willingness to use 

Imagine the possibility of changing your memory to the 
extent that exceeds your current level by far. You would 
remember things much better and would no longer have to 
rely on shopping lists reminders on your cell phone or 
calendar. You would also find it much easier to learn new 
things. Which of the following means would you use for 
this? All methods have the same effect and have no adverse 
side effects.   Which of the following means would you use 
for this?   

Administration of a drug in the form of tablets (Once/Daily) 
Injection of a drug into the arm (Once/Daily) 

Administration of a plant-based drug (Once/Daily) 
Brain surgery 

Implantation of an electronic device into the brain 
Completion of a cognitive training program 

Special raw food diet 
Daily meditation Invasiveness 

How do you rate the previous examples in terms of their 
invasiveness, that is, the degree to which they interfere with 
the human body and/or mind. 

Naturalness    How do you rate the previous examples in terms of their 
naturalness? 

Naturalness attitude How much do you agree with the following statements? 

Humans and nature have 
separated too much 

The self-healing powers of the body 
are underestimated 

Humans are the crown of 
creation- 

There are some things in the world 
that humans should not research 

What is natural is also good Humans should stop trying to control 
nature 

The so-called conventional 
medicine (Schulmedizin) is 
unnatural 

      

  

Effects of 
vaccination status 

Based on the number of doses of vaccine you have received 
to date against SARS-CoV-2 (Coronavirus), how valid are 
the following statements about you? 

I feel relieved I feel vulnerable- 

I am careful not to get infected My social environment reacts 
negatively to my vaccination status- 

My vaccination status gives me 
back possibilities I feel left out- 

The disease appears less 
dangerous to me 

I feel better than before the 
vaccination 

I feel stressed- I feel technologically enhanced 

I am relaxed as I go through the 
world     

Support of disease 
control measures 

I support the following government actions around the 
spread of coronavirus: 

General vaccine mandate Access to certain areas only if tested, 
vaccinated, or recovered 

Vaccine mandate for certain 
occupations 

Access to certain areas only if 
vaccinated or recovered 

Closing of schools Cancellation of mass and cultural 
events 

Mask mandate Restrictions for gastronomical 
enterprises 

Social meeting restrictions Curfews 
Mandatory testing Strict quarantine rules 

Improvements after 
the (possible) first 
dose 

Compared to when you did not receive a vaccine dose, how 
much did your feelings, thoughts, and behavior change at 

the time just after you received the first vaccination?   Note: 
If you did not receive a vaccination dose, please indicate 

the change relative to when it would have been theoretically 
possible for you to receive a vaccination. 

Feelings of safety 
Fear of infection 
Mental stress 
Distrust of others 
Activity level 

Vaccination Status  

How many doses of SARS-CoV-2 (Corona virus) vaccine 
have you received to date?   Note: If you were first 

vaccinated with Johnson&Johnson vaccine, please enter “2” 
here. So-called “Booster vaccination, “in this case, will then 

count as “3”. 

Chose from: 0,1,2,3, Free Text 
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Planned 
Vaccination 

How many doses of vaccine against SARS-CoV-2 
(Coronavirus) do you plan to receive (as of now)? (How 

many times do you plan to get vaccinated against Corona?) 
An initial vaccination with Johnson & Johnson vaccine 

counts as “2”. If you plan to get boostered in this case, enter 
“3”. 

Keeping up with 
vaccination 

In general, do you make sure to keep your vaccination status up-to-date against pathogens other than SARS-CoV-2 (Corona virus)? Ex: 
Tetanus, FSME, Hepatitis etc. 

Identity How much do you identify with your current immunization status? 

COVID Have you been confirmed to be infected with SARS-CoV-2 (Coronavirus)? 

Note. Anthroposophy is an esoteric philosophy founded by Rudolf Steiner. It consists of a set of theses mainly concerned with the individual’s spiritual 
development. It is a major part of Waldorf education, which is mainly taught at “Waldorf schools.” Germany hosts the highest number of these schools, 
followed by the U.S. and the Netherlands (https://www.freunde-waldorf.de/fileadmin/user_upload/images/Waldorf_World_List/Waldorf_World_List.pdf). 
Alternative healing practitioners are part of the German health care system since 1939. They are recognized by law to conduct specific therapies. However, 
with regularities differing from state to state, no formal education is needed, but only an exam held by health authorities. Alternative healing practitioners are 
commonly known for focusing on alternative and naturopathic approaches to medicine. Items with an - were reverse coded after being identified as 
negatively correlated with the first component of principal component analysis. This was done using the check.keys method of the alpha function in the R 
psych (2.1.9.) package [3]. 
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Study 2 
 

To refute the impression that we overpowered our study in order just to obtain significant 

results, we proceeded as follows: We randomly split the original data into the proportion suggested by 

the power analysis (29 Unvaccinated, 193 Vaccinated). We then calculated the t-test for all variables 

within this reduced sample. This process was repeated 1,000 times to account for the random 

sampling. We then averaged the found Cohens d’s, and the group means (Mean d/ Mean vac/unvac). 

We also calculated the proportion of significant results for each variable across the 1,000 tests. Results 

are shown in the supplementary. There was no variable in which the reduced sample size yielded 

different effects than the one reported in the manuscript.  

This analysis was done solely after one reviewer made remarks that the overpowering may 

appear odd. Data analysis for the manuscript occurred as described: Exclusively after we stopped at N 

= 301.  Note that our online survey provider can show aggregated response frequency while the survey 

is still running but does not show individual responses. Hence, we were able to monitor how many 

unvaccinated had participated without the need to peek into group-related data.  

 

Table S10. Results of sample simulations 

variable Mean d SD d Mean vac all SD mean vac Mean unvac all SD mean unvac % sig Significant in manuscript?  

Attitude Human Enhancement -1.37 0.15 4.52 0.05 2.44 0.19 100 Sig  

Attittude Vaccination -2.06 0.19 6.13 0.05 3.05 0.22 100 Sig  

Naturalness Attitude 1.40 0.14 25.32 0.26 35.73 0.84 100 Sig  

Perception efficacy -2.11 0.09 4.82 0.06 1.30 0.08 100 Sig  

Perception invasiveness 0.14 0.14 3.33 0.06 3.57 0.24 0.70 n.s. 

Perception naturalness -1.27 0.06 3.34 0.06 1.28 0.07 100 Sig  

Perception safety -2.27 0.10 5.01 0.06 1.39 0.07 100 Sig  

Importance efficacy -0.06 0.13 5.45 0.07 5.32 0.24 0 n.s. 

Importance invasiveness 1.51 0.17 2.68 0.06 5.41 0.24 100 Sig  

Importance naturalness 1.61 0.19 1.91 0.06 4.72 0.27 100 Sig  

Importance safety 0.06 0.14 5.32 0.06 5.42 0.26 1.50 n.s. 
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Table S12. Mean and standard deviations of used examples (All participants - Study 2) 

Example Use 
Mean 

Use 
SD 

Invasiveness 
Mean 

Invasiveness 
SD 

Naturalness 
Mean 

Naturalness 
SD 

Daily Administration of a drug in the form of 
pills 3.89 2.18 4.50 1.88 2.58 1.54 

Daily Administration of a plant-based drug 4.21 2.10 4.06 1.88 3.54 1.69 
Daily Injection of a drug into the arm 2.51 1.81 5.57 1.73 2.05 1.36 
Once Administration of a drug in the form of 
pills 5.02 2.25 3.54 2.02 3.02 1.64 

Once Administration of a plant-based drug 5.26 2.07 3.18 1.95 4.21 1.78 
Once Injection of a drug into the arm 4.57 2.38 4.44 1.89 2.55 1.57 
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Table S11. Items used in the different scales used in Study 2 

Question Block Wording  Item  

Attitude 

 Explanation: The term “human enhancement” is 
usually used to describe technologies that help to 
expand people’s abilities. However, there is no 

standard definition. What is your attitude toward: 

Human Enhancement 

Vaccinations 

Willingness to use 

Imagine the possibility of changing your memory 
to the extent that exceeds your current level by 
far. You would remember things much better and 
no longer rely on shopping lists reminders on 
your cell phone or calendar. You would also find 
it much easier to learn new things. Which of the 
following means would you use for this? All 
methods have the same effect and have no 
adverse side effects.   Which of the following 
means would you use for this?   

Administration of a drug in the form of tablets (Once/Daily) 
Injection of a drug into the arm (Once/Daily) 

Administration of a plant-based drug (Once/Daily) 

Invasiveness 
How do you rate the previous examples regarding 
their invasiveness, that is, the degree to which 
they interfere with the human body and/or mind? 

Naturalness    How do you rate the previous examples in terms 
of their naturalness? 

Naturalness attitude How much do you agree with the following 
statements? 

Humans and nature have separated too much The self-healing powers of the body are 
underestimated 

Humans are the crown of creation There are some things in the world that 
humans should not research 

What is natural is also good Humans should stop trying to control nature 

The so-called conventional medicine 
(Schulmedizin) is unnatural         

Perception of vaccine features How would you rate the SARS-CoV-2 
(coronavirus) vaccination in terms of its...? 

Safety Effectivity 

Naturalness Invasiveness 

Importance of vaccine features 
How much did your evaluation of the following 

factors play a role in your decision whether to get 
vaccinated against SARS-CoV-2? 

Safety Effectivity 

Naturalness Invasiveness 

Vaccination Status  Have you ever received a vaccination against 
SARS-CoV-2 (coronavirus)? Yes, No 
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Reflecting on the research process 

This research project was inspired by the observation that vaccinations qualify as an instance 

of Human Enhancement under nearly all used conceptualizations in the literature. Amid the COVID-

19 pandemic and the passionate debate about vaccinations and an environment that contains a 

potentially deadly virus, we developed the idea that people not vaccinated against SARS-CoV-2 may 

reject this technology for reasons linked to the broader Human Enhancement debate. Among others, 

reasons for reluctance against the latter are concerns about naturalness and invasiveness. In that sense, 

we initially hypothesized that people not vaccinated against SARS-CoV-2 reject both the wider 

concept of Human Enhancement and the specific instance vaccinations due to their characteristics of 

being an invasive and unnatural technological intervention. To further elaborate on their perception of 

naturalness, we also collected data on their attitude toward a wide range of phenomena. Evidently, this 

line of thought assumes that vaccination status as observable behavior is indicative of an underlying 

set of motivating beliefs and attitudes.  

In an earlier version of this manuscript, we formulated these theses somewhat polemically, 

specific on the topic of COVID-19, but low in precision on how the collected data may or may not 

actually serve as evidence for them. After a fruitful discussion with the anonymous reviewers, who 

suggested being more precise with our hypotheses, and a review of suggested literature, we 

reevaluated our data and how we formulated our hypotheses, models, and conclusions. We came to the 

insight that our research design, collected data, and constructed models do not support some of our 

conclusions and, therefore, could not be interpreted as evidence to the level of specificity with which 

we formulated our first thesis. Taking the reviewers’ concerns very seriously, we adjusted the drawn 

conclusions, recapitulated, and further explained our intentions when conducting the study.  

We attempted to be more precise on the connection between our hypotheses and their 

operationalization within our study. This happened by giving additional thoughts on the underlying 

processes that may fuel the hypothesized link between concerns about naturalness, invasiveness, and 

vaccination behavior as indicative behavior of a certain sets of beliefs and how they relate to the 

debate about Human Enhancement. Reflecting on our initial idea and discussions when planning the 

study, we suggest that: “Reasons for rejecting vaccination against SARS-CoV-2 may be linked to a 
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pronounced emphasis on perceived invasiveness and naturalness. As these factors are also negatively 

linked to attitudes toward Human Enhancement, these derivations of general concerns about 

technological improvement might explain vaccination reluctance among the unvaccinated, but also 

possible rejection of Human Enhancement (H1).” This is different from our first hypotheses 

formulation:” a) People who reject a vaccination against SARS-CoV-2 do so mainly because they see 

it as an unnatural and invasive technological intervention, b) these reasons are more emphasized 

derivation of the general concerns against Human Enhancement.” After the first rejection of our 

manuscript, we submitted it to Discover Psychology. In an additional round of peer review, the lack of 

comprehensibility of our hypotheses was criticized again. Thus, we added an extensive discussion of 

what we mean by “pronounced emphasis” and how our variables and analysis were meant to test this 

hypothesis.  

We consider our reformulation more differentiated and less polemic while not changing the 

alleged direction of effects. Hence, this approach allows for a more nuanced perspective on the 

hypothetical link between vaccination behavior and reservations against Human Enhancement while 

also touching on the suspected underlying evaluation processes. It also considers the academic 

classification of vaccination as Human Enhancement and the respective classification hierarchy. 

Moreover, it is semantically more precise while maintaining the original content (Rejection of 

vaccination is linked to unnaturalness/invasiveness, which means that these variables were decisive, 

ergo, more important than for vaccinated participants). To test for the reformulated hypotheses, we 

redesigned and recalculated our statistical models when necessary and reported them in the manuscript 

(Study 1). These findings were then discussed on how they relate to our hypothesis more deeply. The 

most significant addition to our models was the implementation of interaction effects with vaccination 

status to test for the assumed pronounced emphasis (When predicting willingness to use) and the 

construction of total novel models regarding the attitude toward Human Enhancement.  

A more careful elaboration of our hypothesis clarifies the assumed psychological antecedents 

that are suspected to underlie both rejection of vaccination in particular and Human Enhancement in 

general. Note that a hypothesis is originally meant to be a yet unproven explanation for a given 

phenomenon. While we acknowledge the need to formulate it as statistically testable, the hypothesis is 
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not equivalent to its operationalization. The hypothesis justifies causal inferences for future research. 

However, as written above, it does not solely focus on vaccination against SARS-CoV-2 but allows us 

to conclude this specific vaccine rejection toward the general phenomenon. We are also aware that our 

operationalization cannot seal the final deal but can only provide a snapshot of the assumed 

explanations and suggested relationships.  

We evaluated each statistical analysis from the first version of our manuscript on whether they 

should be recalculated and did so if the former formulation was insufficient to test our reformulated 

hypotheses. In both the original and revised version of the manuscript, statistical analyses of both 

studies were always conducted after formulating the hypotheses they referred to.  

While we deem a direct causality between concerns about unnaturalness and invasiveness 

highly probable, the research design of the first study could only reveal the alleged link but provides 

no further information on causality. Although we critically reflected on this in the manuscript, we 

were still unsatisfied with this aspect, which was recurringly brought up by the reviewers. After almost 

finishing the revision of the manuscript, we decided to postpone the review process and conduct the 

second study and directly assess how unvaccinated and vaccinated participants perceive the 

vaccination against SARS-CoV-2. This was done to directly test the link between perceived 

invasiveness and naturalness and vaccination. Limitations of the first study are certainly aggravated 

due to the dynamic of the pandemic situation and the need to balance robustness and quickness during 

data collection. Limitations were and are also discussed in the manuscript.  

This reflection on the research process is reported for the sake of transparency and to 

showcase the iterative approach with which we tried to shine light on the alleged connection between 

vaccination behavior and attitude toward naturalness, invasiveness, and Human Enhancement. Issues 

that, in this particular combination, have experienced little empirical attention. We are open to 

criticism and share our data and model for further use in the OSF.  
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Changes made:  

To do justice to the elaboration of our hypotheses, we recalculated our statistical models in 

Study 1. We introduced new interaction terms that reflect vaccination behavior and the suspected 

different valuation (vaccination status). We also added naturalness attitude to the models that predicted 

willingness to use and displayed them in more detail to make the iterative process more 

comprehensible. Models to predict attitude on Human Enhancement were newly calculated. Various 

models meant to reveal the percentage of mediation between vaccination status and variables like 

naturalness attitude were exchanged against models that predicted the attitude toward Human 

Enhancement. This was done in the context of the comments of one of the reviewers and because the 

new models were deemed a more suitable test for our reformulated hypotheses of different emphasis 

(through interaction effects). The same logic applies to modeling the interaction effect when predicting 

“more” doses. Note, however, that these models were rather exploratory after recognizing that many 

boostered people wanted to have “more” doses. We also examined invasiveness and naturalness 

ratings of examples of cognitive enhancement methods.  

 Study 2 was conducted to fill the data gap on vaccine perception and to test our hypothesis for 

this instance of Human Enhancement directly.  

During the review process, we noticed some mistakes in reporting our data. This mainly 

concerned the effect of the interaction “ER Vaccinations x Vaccinated” in Model 4 of predicting 

attitude toward Human Enhancement. This effect is 0.47 instead of -0.47 (as correctly displayed in the 

Figure). Thus, the final version and preprint may differ in this regard. Other exclusions were the 

elimination of R²-Bayes for all but the linear regression models since this measurement is insufficient 

for these models. Minor changes to the second decimal place were also conducted if previously 

reported wrong. We also decided to add a “-” before t-values and also report them before d values to 

further indicate the direction of effect and maintain interpretability if the CI of d includes 0. When 

summarizing insignificant p-values, sometimes “< “was typed instead of”>”; we corrected the mistake.  
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Abstract
Organizations strive to ensure and maintain the reliability, safety, security, usability, and competitiveness of their processes, 
goods, and services. Improvement of employees’ skills and abilities contributes to these ends and is a relevant issue for the field 
of human factors. However, going a step further than designing ergonomics, implementing protocols, and conducting training 
is the attempt to enhance employee skills directly through various technological means. So-called Human Enhancement aims 
at direct technological interference with the employees’ skills and is a notoriously controversial yet deeply historical phenom-
enon. Drawing from empirical and theoretical literature on Human Enhancement, we seek to provide an initial analysis of this 
phenomenon in an organizational context. One motivational aspect of contemporary Human Enhancement is the need to meet 
internal, often self-related, or external, usually social or organizational, demands. Given the different effects and means of 
Human Enhancement, some forms are illicit, sanctioned, and/or condemned as morally wrong, while others are obligatory and 
well-established. Enhancement efforts can be based on individual initiative and, hence, without organizational knowledge. The 
opposite of the spectrum are enhancements applied by organizational order. We also emphasize how an organizational culture 
may incentivize engagement with illicit means of Human Enhancement. Potentially linked to safety and security-related aspects, 
its enhancement effects in relation to these two poles can inform stakeholders in their regulatory decisions.

Keywords  Human Factors · Safety · Security · Organizations · Human Enhancement · Cognitive Enhancement

Introduction

Companies spend significant resources to ensure their work 
processes, products, and services are reliable, secure, safe, 
usable, and competitive. They have all the reasons to engage 
in this preventive conduct. Human and technological errors 
can have disastrous consequences (Dörner & Schaub, 1994). 
But as technological advances have significantly increased 
machine safety, human error has become one of the predomi-
nant risk factors for working accidents (Reyes et al., 2015; 

Sánchez-Beaskoetxea et al., 2021); the factor of the human 
increasingly urges into focus.

Regulatory guidelines are crafted, workplaces are 
designed under the primacy of (cognitive) ergonomics, and 
safety and security cultures are employed and promoted. 
Still, errors happen. The improvement of the material and 
procedural working environment is not fail-safe. To mini-
mize human-caused errors and subsequent costs, organi-
zations seem to have only one domain left: the immediate 
improvement of the human worker itself.

Such efforts seem rather uncontroversial and are well-
known. Imparting relevant knowledge is integral to any 
training necessary to ensure and maintain organizational 
success (Kulkarni, 2013). However, the issue we want to 
highlight seems to go further. Instead of teaching workers 
new skills and work techniques, it is also possible to use 
technology to target their capabilities and performance-rel-
evant outcomes directly. Welcome to the discussion about 
Human Enhancement.

We will begin our inquiry into this phenomenon with 
a short introduction to different concepts and important 
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discussions that fuse the debate on Human Enhancement. 
Hereafter, we will propose a framework that suggests that one 
crucial aspect of using historical, contemporary and future 
enhancements at the workplace and in other organizations is 
the continuum between enhancement without organizational 
knowledge (WOK) and enhancement by organizational order 
(BOO). Our framework may improve understanding of how 
the potential tension between imposed demands and indi-
vidual capacities leads to behavior that can violate ethical or 
organizational standards. Additionally, a careful analysis may 
reveal scenarios where substantial adaptations of human capa-
bilities are required for successful task execution.

Even though the phenomenon is not new, Human 
Enhancement conceptually and technologically interferes 
with the well-known triad of individual, task, and organiza-
tion. This can produce safety and security-relevant issues, 
for better or worse.

Human Enhancement

In an almost negligent truncation of the discourse, Human 
Enhancement attempts to improve people through technol-
ogy (Coeckelbergh, 2011; Döbler & Carbon, 2023a). A more 
nuanced perspective recognizes different conceptualiza-
tions and disagreements about means and the defining out-
comes of Human Enhancement (Gyngell & Selgelid, 2016). 
Which conceptualization should be used depends largely on 
the questions asked and the object of inquiry (Gyngell & 
Selgelid, 2016). Due to its aim of general applicability and 
non-dependence on concepts like “normal functioning” or 
“species-typical” (Gyngell & Selgelid, 2016), our arguments 
orientate at a functionalist approach, under which Human 
Enhancement refers to “alterations that increase some type 
of functioning” (Gyngell & Selgelid, 2016, p. 120). In this 
sense, Human Enhancement carried out through its various 
means can extend the range of things humans can do in a 
given environment or situation (Döbler & Bartnik, 2022). 
However, we are limiting the type of alterations to those 
directly induced by embodied technologies (Döbler & Car-
bon, 2023a), often but not always supported by advances in 
the biomedical sciences. These interventions are the usual 
focus in the literature and the most controversial (Agar, 
2014; Buchanan, 2011; Hauskeller, 2013). For example, 
people are usually not reluctant to employ education as 
means of cognitive improvement but are more unwilling to 
use drugs or invasive devices for the same purpose (Haslam 
et al., 2021). The distinction based on embodied technology 
is also made to ensure identifiability of means for Human 
Enhancement compared to technology in general (Bostrom 
& Roache, 2008; Döbler & Carbon, 2023a). It is needed for 
a differentiated view on human improvement beyond “tradi-
tional” means like training or environmental design.

Technological alterations must not inevitably be success-
ful. An intervention implemented with bona fide but mis-
taken belief in its predicted positive effect can raise impor-
tant safety and security issues (Döbler & Carbon, 2023a).

Our analysis focuses on the technological measures peo-
ple use to meet the work environment requirements. Some 
of these interventions will have significant effects, some will 
lead to only minor alterations, some bear disruptive poten-
tial, and others will be inoperative. However, the motiva-
tional background of each application of Human Enhance-
ment in a work context is the idea that technology can be 
used to directly target specific capabilities of the working 
Human, to contribute to individual and/or organizational 
goals (Pustovrh et al., 2018).

There are plenty of examples of historical and contem-
porary technologies that directly affect the human body 
and mind to improve their capacities (Agar, 2014; Bostrom 
& Sandberg, 2009; Döbler & Carbon, 2021; Menuz et al., 
2013). Even if conservative definitions of Human Enhance-
ment stress the necessity to improve a capability beyond 
what is typically feasible for humans (Gyngell & Selgelid, 
2016): Human Enhancement is not a matter of science fic-
tion but is already employed in various branches and con-
texts (Döbler & Carbon, 2021, 2023a; Greely, 2006). Most 
prominently, means like drugs, implants, or genetic modi-
fications are considered Human Enhancement under nearly 
all definitions.

Employing pharmacological substances, primarily 
for improving cognitive abilities, is one of the most pre-
dominant issues in the contemporary debate (Banjo et al., 
2010; Caviola & Faber, 2015; Farah et al., 2004; Mihailov 
& Savulescu, 2018; Napoletano et al., 2020; Racine et al., 
2021; Sattler et al., 2021; Sattler et al., 2022; Schelle et al., 
2014). That also holds for the workplace, where modern 
pharmacological enhancement efforts can be traced back 
to the late nineteenth and early twentieth century. Utilized 
means usually comprised substances like caffeine and nico-
tine, but also drugs like cocaine and methamphetamine (an 
ingredient of the infamous “Panzerschokolade” used in WW 
II to enhance the capabilities of German soldiers) (Pustovrh 
et al., 2018). Yet, the landscape of potential enhancers is 
broad (Napoletano et al., 2020). For the most prominent 
substances (modafinil, methylphenidate, and amphetamine), 
enhancement effects tend to be small (Roberts et al., 2020). 
When interpreting these often small and task-specific effects, 
we must acknowledge the complex dynamic between envi-
ronment, cognition, and behavior. The mind is much less 
mechanistic than one might think. Hence, it is much harder 
to enhance than physical capabilities (Mihailov & Savulescu, 
2018).

Even though some interventions may be classified more 
intuitively as Human Enhancement than drugs to enhance 
cognitive functioning (Döbler & Carbon, 2021, 2023b), there 
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are no limitations to the target of the enhancement effort. 
Strength, life expectancy, cognition, emotions, health, and 
appearance are all valid and extensively discussed parameters 
for technological intervention (Bostrom, 2013; Hauskeller, 
2013). The broadness of the phenomenon necessitates bal-
ancing abstract considerations with practical examples. One 
of the key aspects of Human Enhancement, connecting all 
its ramifications, is the employment of technology to adapt 
a human being to imposed demands rather than manipulat-
ing the environment to mitigate the same demands (Döbler 
& Carbon, 2023a). A case-by-case examination in which 
existing technologies are deliberately linked to the general 
Human Enhancement debate can shine essential insights into 
the practice surrounding these examples (Döbler & Carbon, 
2021). Human Enhancement is an auxiliary label to link cer-
tain technologies with resembling intentions and effects and 
evoke similar attitudes (see Döbler & Carbon, 2023a).

One is inclined to diagnose a certain cognitive enhance-
ment bias when it comes to the empirical study of the general 
phenomenon. This means there is a strong focus on means 
for cognitive enhancement while neglecting other areas. 
Yet, since cognitive abilities are important for academic 
(Richardson et al., 2012) and job-related performance (Nye 
et al., 2022), a heightened though not solitary concentra-
tion on cognitive enhancement within the context of human 
factors and organizational frameworks might be reasonably 
substantiated. Not because the effects may be very strong 
but because organizational members have high expectations 
about the benefits cognitive enhancement may provide them 
(Döbler & Carbon, 2023a; Holt & Looby, 2018; Ilieva et al., 
2013; Sansevere et al., 2022). This position remains sound, 
with the caveat that we must uphold awareness of Human 
Enhancement as a broad phenomenon.

Ethical and practical dimensions of Human Enhancement 
through pharmacological means become even more intricate 
through the easy-to-use and easy-to-hide administration of 
its means. How the cognitive enhancing effect in a given 
context is framed may shape public attitudes (Conrad et al., 
2019; cf. Dinh et al., 2020). In addition to ethical inquir-
ies (Banjo et al., 2010; Caviola & Faber, 2015; Mihailov & 
Savulescu, 2018; Sattler et al., 2022), cognitive enhancement 
has also drawn epidemiological (Dietz et al., 2013; Maier 
et al., 2016; Sattler, 2016), psychological (Franke et al., 
2017; Racine et al., 2021; Randall et al., 2005), and medical 
(Husain & Mehta, 2011; Kaye & Darke, 2012; Lynch et al., 
2014) attention. This focus is justified. A recent investiga-
tion has found that parents’ willingness to employ cogni-
tive enhancement drugs to boost their hypothetical child’s 
school performance could be increased depending on the 
prevalence and reported effects of such behavior, among 
others (Sattler et al., 2021). The study also revealed that 
about 4% of the N = 1323 surveyed parents had given drugs 
to their children for cognitive enhancement reasons at least 

once, even when there was no medical need for it. Another 
study reported that although the general willingness to use 
cognitive enhancement drugs was low, two-thirds of those 
who contemplated the use were willing to feign symptoms 
to obtain prescription drugs (van Veen et al., 2022).

After a careful analysis, researchers and other stakehold-
ers may conclude that Human Enhancement in the form of 
specific equipment is already part of a work environment or 
process (e.g., many employers provide their employees with 
free coffee). At the same time, emerging technologies may 
promise a safe and effective boost in performance and hence 
become a desirable intervention to maintain or increase 
safety, security, or market competitiveness.

When contemplating the impact of Human Enhancement, 
we must acknowledge how the respective technologies can 
potentially interfere with the human body and mind. Read 
et al. (2021) recently championed a systems-orientated per-
spective on human error. Following the suggestion of Read 
et al. and acknowledging how human activities are embed-
ded in a larger socio-technological system, Human Enhance-
ment, as an intervention at the human level of the system, 
demands special attention.

To benefit from this interdisciplinary and comprehensive 
approach, we must first identify technologies as instances of 
Human Enhancement and then link empirical findings about 
the practice and impact of these technologies to relevant 
evaluation dimensions. To provide an additional perspec-
tive on thinking about Human Enhancement in the context 
of human factors and a practical tool for assessing potential 
opportunities and risks, we propose a framework that locates 
the use of enhancement in the workplace or other organiza-
tions between the poles: without organizational knowledge 
(WOK) and by organizational order (BOO).

WOK‑BOO Framework

People are confronted with a manifold of tasks, goals, and 
demands, when working or studying. Some are internal, and 
some external, but all are incorporated in the broader context 
of an organizational structured working environment (Deci 
et al., 2017). Individuals and organizations share an interest 
in achieving different goals, even though they can have a 
differing understanding of a “good” level of performance 
(Bobko & Coella, 1994; Bommer et al., 1995). To gain a 
relevant outcome, people rely on a wide range of resources 
and skills. The latter may range from easy-to-learn hand 
movements, such as balancing two or more plates with one 
hand, to complex cognitive and behavioral processes requir-
ing years of training, such as surgery.

Individuals may consider their skills and resources insuf-
ficient to meet demands. In that case, they could improve 
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their abilities by training, studying, or avoidance behavior. 
Another solution would be aiming at improving individual 
capacities directly by technological means, i.e., Human 
Enhancement (Döbler & Carbon, 2023a).

We composed the following framework to situate Human 
Enhancement within the organizational context. Here, 
individuals must negotiate individual skills and imposed 
demands. In parallel, the distinct forms of capital that 
organization members possess can enable their utilization of 
legal and informal power dynamics over their peers (Ocasio 
et al., 2020). This may comprise the enactment of organi-
zational norms and regulations and the power to define the 
situational organization of the organization (Hallett, 2003). 
This directly touches key values such as bodily autonomy or 
personal health. These values are prominently discussed in 
the Human Enhancement debate (Forlini & Racine, 2009; 
Ireni-Saban & Sherman, 2021; Sample et al., 2020; Sattler 
et al., 2022). Hence, organizational context may aggravate 
known issues of the question of whether to use technology 
with the intention of improving oneself. At the same time, 
the complexity and manifoldness of Human Enhancement 
demand careful differentiation, so the proposed framework 
can also be used to analyze conditions in which not the 
engagement but the refrainment to use enhancement may 
raise ethical suspicion.

Although primarily discussed in work or academic set-
tings, our argument can easily be adapted to legal, social, 
or other evaluative domains in which individuals are con-
fronted with external demands. We also want to acknowl-
edge that people can also be self-employed and not directly 
submit to organizational order. Yet, their work is embedded 
in the larger socio-technological sphere and is still subject 
to external organizational evaluation.

Enhancement Without Organizational Knowledge

Even if effective, Human Enhancement is not inevitably 
endorsed or allowed by authorities or organizations. Hence, 
individuals may be interested in obfuscating and conducting 
their enhancement efforts without organizational knowledge. 
While organizations have the capacity to gather insights into 
ongoing practices, such as via scholarly investigations or 
substance examinations, the expression “without organiza-
tional knowledge” pertains to the present identification of 
the enhancement conducting individual.

The prime example here would be doping, which is, 
strictly speaking, enhancement in the work place, respec-
tively, an amateur setting. In these cases, enhancements 
may be too effective. Organizational reasons for prohibiting 
the use of these particular instances of Human Enhance-
ment may be maintaining the “integrity of the sport” (World 
Anti-Doping Agency, 2021) or ensuring fairness and equal-
ity in the academic context (Maier et al., 2015). In addition, 

potential significant health or legal risks may cause organi-
zations and gatekeepers to discourage particular enhance-
ments (Hotze et al., 2011; Shakeel et al., 2021; World Anti-
Doping Agency, 2021). If organizations obtain knowledge 
about the illegitimate use of Human Enhancement, they can 
exercise their regulatory power and sanction the individual.

However, organizational disapproval does not eliminate 
the subjective mismatch between capacities and demands. 
Analyzing responses of 1145 surgeons, Franke et al. (2013) 
reported that 8.9% of respondents used an illicit or prescrip-
tion drug for cognitive enhancement purposes at least once 
in their lifetime. Randomized response technique even sug-
gested a lifetime prevalence of around 20%. In addition, 
work performance and private life pressure were significant 
risk factors for using the respective drugs. Also employing 
randomized response technique in a representative student 
sample, Dietz et al. (2013) found a 12-month prevalence 
for using “brain-doping substances” of 20%. A survey of 
1572 students found a prevalence of 1.7% for the use of 
prescription drugs without a prescription and 1.3% for the 
use of illicit substances for cognitive enhancement purposes 
(Schelle et al., 2015). Users of the former reported signifi-
cantly more stress than nonusers, an effect that was not pre-
sent for the use of illicit drugs. Somewhat similar results are 
also found for the positive association between prescription 
and lifestyle drugs and burnout scores in a student sample 
(Wolff et al., 2014).

The latter studies demonstrate the difficulties in regu-
lating Human (cognitive) Enhancement. The prevalence 
of so-called lifestyle drugs (caffeine, nicotine, and alco-
hol) with an enhancement intention was 45.6% (Schelle 
et al., 2015), respectively 52.3–83.2% (Wolff et al., 2014). 
Reasonable caffeine and nicotine consumption is gener-
ally unobjectionable to organizations. The former may even 
boost individual and group performance under the right 
circumstances (Faber et al., 2017). Yet, using less con-
ventional means, due to the social perception processes, 
may impede performance (Faber et al., 2017; Sattler et al., 
2023). Alcohol, however, is a large security and safety risk 
and is usually heavily regulated.

In the domain of cognitive enhancement, motivations for 
engaging with Human Enhancement are well-researched. 
Here, highly competitive environments and related perfor-
mance pressure have been predictors for real engagement 
with substances for cognitive enhancement reasons (Franke 
et al., 2013; Maier et al., 2018; Schelle et al., 2015). There 
is also weak evidence that people who work in very com-
petitive environments are more willing to enhance their 
cognitions (Conrad et al., 2019). Low self-efficacy may 
prone individuals to use cognitive-enhancing substances 
(van Veen et al., 2022). However, Bagusat et al. (2018) 
found no effect of self-efficacy, and findings by Maier et al. 
(2015) suggested that the association of self-efficacy with 
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pharmacological mood enhancements was more robust 
than with cognitive enhancement. A recent prospective 
study revealed that increasing workload alone could predict 
misuse of prescriptive cognitive-enhancing drugs, but only 
for individuals who are overcommitted at work (Sattler & 
von dem Knesebeck, 2022). Employing a representative 
German sample, Bagusat et al. (2018) revealed that per-
ceived stress was positively associated with using stimu-
lating prescription drugs, while the deficits in recovering 
from stress contributed to engagement with substances 
intended to modulate individual mood. In the same study, 
respondents disclosed that the primary motive for using 
stimulating prescription drugs was to better cope with 
stress. In contrast, illicit drugs were primarily used for 
mood enhancement purposes. Long-term stress may be 
a universal predictor of a wide range of pharmacological 
enhancement efforts (Maier et al., 2015)

Employees may even engage with Human Enhancement 
due to a feeling of responsibility toward their employer (Pus-
tovrh et al., 2018). Reasons for Enhancement without organi-
zational knowledge are undoubtedly manifold and may not 
stem from pronounced selfishness but rather a strong iden-
tification with the organizational goals and values or a high 
degree of experienced competitiveness.

Suppose applying an illicit or highly controversial 
enhancement without organizational knowledge is reason-
ably linked to a higher probability of organizational goal 
achievement. Suppose further that individuals are aware of 
this link. In this case, this may be classified as unethical 
pro-organizational behavior (UPB), which denotes actions 
“intended to promote the effective functioning of the organi-
zation or its members (e.g., leaders) and violate core soci-
etal values, mores, laws, or standards of proper conduct” 
(Umphress & Bingham, 2011, p. 622). The theoretical 
proposition that high organizational identification is one 
antecedent of such behavior (Umphress & Bingham, 2011) 
was supported by a recent meta-analysis (Luan et al., 2022). 
There may be a direct link between a perceived unethical 
organizational culture (Vem et al., 2023) and UPB dis-
played by leaders (Luan et al., 2022). Individuals reported 
that acceptability to engage with cognitive enhancement 
also hinges on whether a superior endorses such behavior 
(Dinh et al., 2020). Some individuals could find themselves 
part of organizations that promote certain values and social 
settings conducive to Human Enhancement adoption, albeit 
without directly imposing such practices. This way, mem-
bers’ engagement may be seen as a “functional response” to 
the perceived conditions (Mann, 2023, p. 75). For instance, 
membership in fraternities and sororities is associated with 
an increased proneness to abuse certain drugs (Benson et al., 
2015; McCabe et al., 2005), and students in higher educa-
tional systems that emphasize competition and self-entre-
preneurship may feel compelled to take the necessary means 

to ensure effective engagement (Döbler & Carbon, 2023a; 
Mann, 2023). Thus, enhancement without organizational 
knowledge can also be motivated by organizational virtue.

The fact that illicit enhancement without organizational 
knowledge may benefit an organization raises significant 
ethical questions about the organizational context’s short- 
and long-term effects. From a cynical point of view, and 
taking into account economic considerations, organizations 
could be considered to be acting reasonably logically if they 
create, support, or maintain an environment in which mem-
bers use controversial methods to improve their skills, espe-
cially if these efforts ultimately contribute to the success of 
the organization. Suppose executive members in charge can 
credibly assure that this behavior occurred without direct 
organizational knowledge. In that case, any potential legal 
or health-related price is primarily paid by the organizational 
members who re-enacted the already existing organizational 
culture and valid practices (see Hallett, 2003).

Carried out in an organizational setting, the decision to 
conduct enhancement without organizational knowledge can 
be influenced by multiple considerations. Notably, individu-
als’ obfuscation may be driven by the prospect of facing 
moral condemnation from others, fear of legal backlash for 
unlawful methods, and apprehensions surrounding violating 
organizational standards. All these reasons are exemplified 
very well concerning the use of neurocognitive enhancers 
in an academic setting (Sahakian & Morein-Zamir, 2007; 
Sharif et al., 2021). This practice is not necessarily illegal 
but is considered unfair and morally wrong (Faber et al., 
2016). Employed means may be illicit (Brand et al., 2016), 
or their acquisition may be achieved by feigning neuro-
logical symptoms (Fuermaier et al., 2021; van Veen et al., 
2022). Thus, engagement with this practice may yield ethical 
issues. These issues, however, may depend on the type of 
organization and the respective culture. Results from Conrad 
et al. (2019) and Dinh et al. (2020) suggest that cognitive 
enhancement receives more approval in work environments 
as opposed to academic settings. Importantly, this pattern of 
acceptance remains consistent regardless of whether the job 
is classified as blue-collar or white-collar (Dinh et al., 2020).

To cover the broadness of this phenomenon in the context 
of a human factor analysis, one should carefully analyze 
(A) which technologies in use can be defined as Human 
Enhancement under a suitable definition, (B) whether the 
use of these enhancements occurs without organizational 
knowledge, and (C) how the technologies in question influ-
ence performance, the risk for human errors, and are related 
to the work process in general.

If illegitimate means are employed, this phenomenon can 
be costly. Organizations should investigate their context on 
whether it incentivizes engagement with potentially harmful 
means to boost individual capabilities. Still, Human Enhance-
ment without organizational knowledge is not inevitably a 
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problem. Yet, it is still worth considering when analyzing and 
designing a work environment. Even if without tangible effect, 
the fact that employees engage with the enhancement in the 
first place provides evidence of a subjective mismatch between 
environmental and task demands and their capabilities.

Enhancement by Organizational Order

Some organizations may consider specific enhancements as 
a welcome opportunity to boost employees’ performance, 
establish new products or services, or enhance safety and 
security. Once again, the extent of this enhancement by 
organizational order (BOO) depends on the conceptualiza-
tion of Human Enhancement.

A very straightforward example can be found in the mili-
tary. The US Army employs various Human Enhancement 
techniques and technologies to directly or indirectly improve 
the performance and protection of their soldiers (Brunyé 
et al., 2020). After focusing on external protection for a long 
time, the development of an internal armor, a so-called “idi-
ophylaxis”, i.e., effective internal protection against Nuclear, 
biological, and chemical threats, has recently become one of 
the main issues of military technological efforts (Bickford, 
2019). This goal should mainly be achieved through gen-
eral and novel vaccination technologies, which — seen from 
an academic perspective — are a prime example of Human 
Enhancement (Döbler & Carbon, 2021). In fact, one of the 
first things that happens to recruits is the quick administra-
tion of various vaccinations, which somewhat inscribes their 
new identity down to a molecular level (Bickford, 2019).

Apart from the US Army (Brunyé et al., 2020; Emanuel 
et al., 2019), the British Ministry of Defense (Ministry of 
Defence, 2020) and the German armed forces (Planung-
samt der Bundeswehr, 2013) have shown public interest in 
various degrees of Human Enhancement, including cyber-
netic implants. Ordering soldiers to get enhanced is a recog-
nized ethical issue within the military application of Human 
Enhancement (Ministry of Defence, 2020; Sattler et al., 2022). 
In this context, goal posts of bioethics, such as the right to life 
and decision autonomy, are moved (Gross, 2006).

There are also other work contexts where different types 
of Human Enhancement, some highly controversial, may 
be mandatory. Genetic engineering could protect astronauts 
from harmful space radiation during long-term missions 
to Mars (Szocik et al., 2018; Szocik et al., 2020). Further-
more, Grewal et al. (2020) discussed how some enhance-
ments could improve the customer experience for front-
line workers and boost performance in different branches. 
Moreover, Patel et al. (2021) showed that external electrical 
neurostimulation could improve surgeons’ performance with 
surgery robots. If proven safe and effective, novel enhance-
ments could become integral to work organization. Such 
developments could even go so far as organizations sanction 

members who reject Human Enhancement. However, the 
fact that an enhancement is safe does not eliminate moral 
concerns about its application (Maier et al., 2015). Due to 
vaccination being Human Enhancement (Döbler & Carbon, 
2021, 2023b), the legal and ethical issues revolving around 
a vaccination mandate, for instance, most recently against 
SARS-CoV-2 in certain professions (Gur-Arie et al., 2021; 
Hodge et al., 2021), elucidate emerging conflicts related 
to enhancement BOO. In this case, however, we must also 
acknowledge that vaccination mandates were and are already 
required in certain organizational contexts and activities, 
e.g., medical, early education, or even universally, as with 
smallpox in Germany up to 1982 (Attwell et al., 2018).

Just because an organization requires its members to 
enhance does not render the enhancement legal or morally 
acceptable. Additionally, organizations can apply enhance-
ments to certain individuals without consent. The military, 
for instance, has an infamous institutional reputation for test-
ing emerging technologies on prisoners of war, civilians, or 
even their own service members (Gross, 2006; Klee, 2001). 
Another gruesome example is the ordered administrator of 
doping substances to uninformed athletes. Such efforts were 
most infamously systematically practiced in the former Ger-
man Democratic Republic (GDR) (Franke & Berendonk, 
1997). Here, the state-orchestrated effort, which included 
the application of androgenic steroids to female athletes 
(including minors), reached deep into athletic and scientific 
organizations (Franke & Berendonk, 1997) and exempli-
fies how political Human Enhancement by organizational 
order can lead to disastrous personal consequences. The 
idea to enhance human capital was not exclusive to cold-
war sports politics. At age 17, Judy Garland, the main star of 
the “Wizard of Oz,” was infamously put under the influence 
of amphetamine by the movie’s film crew to keep her ener-
gized. Farren (2010) references this story and highlights how 
the proposed function of amphetamines mirrors American 
values like “stamina, dedication, hard work, endurance, and 
the willingness to repeat mindless actions for hours on end” 
(p. 11). Organizational-internal demand for the enhancement 
may rise if it creates a favorable effect for the employee, 
e.g., by providing a competitive advantage over colleagues. 
This yields distributional justice concerns. When the supply 
of advantageous enhancements is limited, the question of 
who receives the order to enhance or has access to enhance-
ments is crucial. Acknowledging that enhancements are 
more likely to be disapproved when employed in competi-
tive settings (Dinh et al., 2020; Mihailov et al., 2021) (but 
see also Conrad et al., 2019), organizations should make 
related processes transparent and consider the dynamic 
social effects of their mandate to enhance. Sattler and Häu-
ser (2023) showed the potential for “inter-individual per-
formance” effects by demonstrating that knowledge about 
the successful enhancement of co-workers impedes work 
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motivation by diminishing the enhanced workers’ perceived 
competence and warmth.

If means of Human Enhancement can boost performance 
or other relevant outcomes, ordering their application within 
the organization’s context makes perfect sense. Hence, we 
should contemplate the extent of leverage the public wants 
to grant to companies when deciding to enforce enhance-
ment of their employees (Appel, 2008). Such considerations, 
however, demand a careful analysis of the enhancement and 
its intended function. Embedded in a socio-technological 
system, Human Enhancement makes certain products and 
services possible in the first place. In this sense, enhance-
ments are a constituting factor for an activity or practice. A 
non-invasive example is diving gear, which allows, among 
other things, underwater construction. The future will tell 
which activities and professions can only be realized when 
employing novel, highly transformative examples of Human 
Enhancement.

From a human factors perspective, the analysis of 
enhancement BOO follows the same steps as for enhance-
ment WOK. The only exception is that step B changes to 
examining which enhancements are used by organizational 
order. Conducting this analysis may inform organizations 
about potential ethical pitfalls within their work processes 
and foster an understanding of the complex relationship 
between humans, technology, and organizational demands, 
which yield an explicit call to transform the human body 
and mind.

Between WOK and BOO

Some gray areas emerge where means are tacitly tolerated. 
Moreover, some technologies may not be explicitly framed 
or perceived as an instance of Human Enhancement. Nev-
ertheless, the shared principle of bodily transformation and 
adaption is reason enough to scrutinize employed technolo-
gies for potential security, safety, or related ethical issues 
(Döbler & Carbon, 2023a).

The aspects described here only cover some motivational 
aspects of why people enhance themselves or are ordered 
to do so. In an economic context, a boost in productivity 
(Shakeel et al., 2021) or the demand for coping with stress 
(Bagusat et al., 2018) are evident justifications. However, 
people may also engage privately with Human Enhance-
ment, for instance, due to transhumanist ideology (Bostrom, 
2003), citizen scientific interest (Yetisen, 2018), desired 
authenticity (Elliott, 2011; Parens, 2005), or pure curiosity 
(Shakeel et al., 2021). Since these enhancement efforts may 
occur without organizational knowledge, these reasons do 
not contradict our framework. Within all the possible moti-
vations, we still claim that one of the most defining features 
of Human Enhancement is that the key approach to these 
motivations consists of directing the technology toward the 

human, i.e., the attempt to transforming and adapting our-
selves instead of the environment (Döbler & Carbon, 2023a).

The perceived mismatch between capabilities and 
demands or otherwise emerging desire to technologically 
manipulate the human body may be located in more private 
and less organizational tasks and contexts. Nevertheless, 
it is feasible that these more private enhancements impact 
task-relevant outcomes and processes. Depending on the 
technology, organizational goals, and rules, some private 
enhancements are worrisome, while others are negligible. 
If private enhancements result in a widespread transforma-
tion, effects are likely to impact the activities within an 
organization.

Employees may use technological means to improve 
themselves that are, by academic definition, Human 
Enhancement but are not considered as such and/or lack 
relevance. Knapik et al. (2014) examined the use of dietary 
supplements by US soldiers. These supplements can be seen 
as Human Enhancement, but armed forces usually have no 
reasons to prohibit their use, let alone conduct testing for 
them in medical examinations. Hence, organizations may be 
unaware of certain enhancements but have little to no reason 
to exercise regulatory control unless there is an emerging 
safety/security violation or another threat.

Both WOK and BOO describe epistemic positions of the 
organization and are linked to different contextual factors. 
These positions are intertwined with motivational aspects. 
WOK processes can refer to organizational contexts that 
incentivize Human Enhancement, therefore exercising 
more indirect pressure upon organization members. Within 
enhancement BOO, however, the organization openly chan-
nels motivational demands upon its members.

Our framework is dynamic. Enhancements that were for-
merly applied by organizational order may become prohib-
ited. If members of the organization still use these enhance-
ments, they are doing this without organizational knowledge. 
Examples, especially the ones about the state-sponsored 
doping efforts of the German Democratic Republic (GDR) 
(Franke & Berendonk, 1997), also highlight a potential clash 
between different levels of organizations. The described case 
emphasizes how, at one level (national athletic associations, 
training groups, etc.), enhancement by organizational order 
may occur. However, on other transnational levels (e.g., 
International Olympic committee), the same enhancement 
endeavor may happen without organizational knowledge. 
The same is valid for substance abuse in fraternities and 
sororities (Benson et al., 2015; McCabe et al., 2005). This 
type of behavior may clash with college and university stat-
utes. Careful examination is necessary to understand how 
the motivation for enhancement becomes integrated into a 
specific organizational culture, potentially influencing the 
willingness to embrace means considered unfavorable by 
other relevant organizations.
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Overall, classification along the WOK-BOO axis may 
change according to the adopted perspective. Our frame-
work is purposely built to be highly flexible and capable of 
operating across the complex networks of different organiza-
tions, accommodating their potentially divergent goals and 
strategies.

Safety and Security

Human Enhancement is neither per se morally suspicious 
(Daniels, 2000; Döbler & Carbon, 2023a) nor inevitably 
undermines organizational or individual goals, values, and 
flourishing. Still, some enhancements may come with a 
significant price, posing unintentional risks from within a 
system or threaten it from the outside. The former danger is 
usually framed as safety, the latter as a security issue (Line 
et al., 2006).

Safety

Cognitive enhancements like modafinil, methylphenidate, 
and even caffeine can evoke adverse physiological reactions, 
threatening task-relevant cognitive, emotional, or behavioral 
processes (Caviola & Faber, 2015), which may then lead to 
work-related accidents. Physical implants can lead to infec-
tions (Yetisen, 2018), threatening the individual employee’s 
health. Safety and concerns about adverse side effects are 
reasons to refrain from using or advocating certain enhance-
ments or deeming them morally wrong (Schelle et al., 2014). 
These effects are consistently expressed regarding various 
technologies, from vaccination (Blaisdell et al., 2016; Dror 
et al., 2020) over cognitive enhancements (Sattler et al., 2022; 
Scheske & Schnall, 2012), genetic engineering (Schönthaler 
et al., 2022), deep brain stimulation (Kostick-Quenet et al., 
2022; Schönthaler et al., 2022), to brain-computer interfaces 
(Sample et al., 2020). The prospect of significant enhance-
ment per se evokes additional ethical unease so that users are 
not inevitably prone to see an enhancement as justified just 
because it is safe (Maier et al., 2015).

Even if an enhancement does not offer a significant 
improvement over traditional means or does not have 
adverse side effects (Caviola & Faber, 2015), safety con-
cerns and subsequent legal liability could be another fac-
tor for organizational reluctance. True to the motto “bet-
ter safe than sorry,” the prospect of legal challenge and 
claims for damages might be sufficient for organizations 
to forgo enhancements even if not explicitly mentioned in 
regulatory frameworks. It is, therefore, necessary to put 
things into perspective and carefully analyze the suitabil-
ity of regularities in relationship to the tangible effects 
of Human Enhancement. To ensure a realistic assessment 

of capabilities, employees and organizations should be 
informed whether an enhancement does contribute to 
task-relevant outcomes. Supposing a tangible and signifi-
cant enhancement effect, regulation of the enhancement 
may be codified to address legal issues and other possible 
conflicts.

Overestimation of the effects of contemporary enhance-
ments (Ilieva et al., 2013; Mihailov & Savulescu, 2018) 
can also corrupt systems’ safety. The promise of quick 
and reliable performance boosts over more time-intensive 
training or other measures may lead to putative overcon-
fidence regarding one’s allegedly enhanced capabilities. 
Organizations and individuals rely on a sufficient body 
of literature to make informed decisions on whether an 
enhancement improves performance, corrupts it, or can 
evoke a threat due to a misrecognition of the direction 
of its effect. Take, for instance, caffeine in a medical set-
ting. Belykh et al. (2018) conducted an in-depth review 
of various performance-enhancing means and discovered 
a notable absence of data regarding caffeine’s impact on 
surgical performance. Despite caffeine’s widespread use, 
the authors caution against its pre-surgery consumption. 
The potential consequences could be fatal if medical pro-
fessionals overestimate their abilities due to technological 
modifications.

Security

Another problem is security. This is mainly a concern for 
enhancements that rely on electronic information processing. 
Data protection is twofold here. Some enhancements may 
potentially record uninvolved third parties’ environmental 
and personal data. Others may only process data gathered 
directly from their users. If these enhancements are part of a 
larger information technology architecture, the enhancement 
and potentially the enhanced human could be a potential 
breaching point for cyber-attacks.

Brain-computer interfaces (BCI), for example, process 
neuronal activity to control a different system (Kawala-
Sterniuk et al., 2021; Steinert et al., 2019). Besides the 
sensitivity of this data, an external attack on these sys-
tems and the causal relationship between their compo-
nents can have disastrous consequences. If substantially 
integrated into work processes, for example, to control a 
drone (Nourmohammadi et al., 2018), a security issue in 
brain-technology communication can quickly become a 
safety issue as well. Someone could compromise the BCI 
and execute the respective behavior while the BCI user 
would be held responsible for it. Data protection and the 
emergence of new forms of cyber-attacks are BCI-related 
concerns shared by laypeople and experts (Sample et al., 
2020; Sample et al., 2022).
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Potential Benefits

However, Human Enhancement can also contribute to the 
safety and security of employees and organizations. The 
already mentioned vaccinations are a powerful biotech-
nological tool to ensure individual health in a potentially 
hazardous working environment. Moreover, if effective in 
their respective target domain, cognitive enhancements can 
improve safety and security-related performance, such as 
alertness. It is crucial to weigh the risks and benefits of every 
enhancement case-by-case.

Evidently, technological alteration of the human body and 
mind can bring forth new challenges in the field of human 
factors. The two levels of heuristic analysis are, first, safety 
and security of the enhancement, and second, system safety 
and security with the enhancement.

Implications for Future Research 
and Practical Application

Human factors research should recognize the emerging and 
transformative power of Human Enhancement. At the same 
time, the presence of contemporary enhancements should be 
acknowledged. Technological interventions of the “human” 
add complexity to the system-of-systems perspective. 
Human Enhancement enables organizations and users to 
target capabilities unachievable by simple training or envi-
ronmental design. Whether these enhancement efforts prove 
to be successful is an important question for contemporary 
and future research. Additionally, it should be examined why 
people or organizations engage with Human Enhancement 
in the first place, especially when these enhancements are 
illicit. A careful case-by-case assessment of work demands 
and provided means to fulfill them is needed.

Organizational context is a key component when exam-
ining Human Enhancement efforts because of the inherent 
power structure and their potential interplay of demands 
that push people to adopt certain means. In short, organiza-
tions are part of the socio-economic environment humans 
adapt to using Human Enhancement (see Döbler & Carbon, 
2023a). Organizations, employees, and researchers should 
recognize how the motivation to engage with enhancement 
in the workplace may stem from the tension between work-
ing demands, individual capabilities, and cultural and indi-
vidual attitudes.

When employees engage with enhancements, important 
questions emerge. Does social pressure arise on those who 
do not want to have anything implanted or enhanced? Is the 
threshold of constantly high-performance demand with toxic 
stress so far shifted that we may see more or more severe 
stress and burnout-related failures? This is where we need to 
integrate studies of workplace safety and psychopathological 

factors. Research already suggests that social pressure can lead 
people to favor the use of cognitive enhancement (Dinh et al., 
2020; Sattler et al., 2013; Sattler et al., 2014; Wagner et al., 
2018).

Enhancement efforts may yield new security and safety 
issues but also have the potential to enhance these parame-
ters. If so, it is not the engagement but the rejection to employ 
Human Enhancement that may be morally reprehensible.

It is important to remember that employees are also private 
persons. Human Enhancement to meet the demands of the 
workplace, regardless of the consequences of this particular 
task, always has the potential to spill out either negatively or 
positively to the private domain (Pustovrh et al., 2018). A com-
prehensive approach to human factors and Human Enhance-
ment should recognize different roles and how a technological 
intervention to a specific capability can yield broad, general, 
but also contrary effects across different areas of life.

The most important insight for practitioners is that 
Human Enhancement in an organizational context bears 
the potential for ethical controversies. This is connected to 
whether the enhancement was rather done without organi-
zational knowledge or by organizational order. If the means 
are illicit or otherwise ethically suspicious, their employ-
ment without organizational knowledge may hint toward the 
presence of specific conditions that foster the engagement 
with controversial means. Organizations should seriously 
contemplate if they want to maintain such context and, if 
so, at what costs. If realized through similar illicit or con-
troversial means, Human Enhancement by organizational 
order indicates a certain ethical apathy of the respective 
authority. The organization may cite plausible reasons. Yet, 
it should be clear that employees’ and other organizational 
members’ bodily autonomy and related values should be 
held in high(est) regard.

Although embedded in societal structures and contexts 
(Döbler & Carbon, 2023a; Menuz et al., 2013), Human 
Enhancement is often seen as a rather individual mat-
ter (Elliott, 2011; Sandberg, 2013). Here, enhancement 
by organizational order emphasizes the important role of 
employers, companies, and other institutions in adopting 
technological interventions, thereby co-producing (Harbers, 
2005) the evaluative context for the same interventions. All 
persons involved should be attentive to the fact that organi-
zational goals and the means deemed necessary to achieve 
them are not necessarily uncontroversial. Figure 1 shows an 
overview of the thoughts presented here.

Conclusion

Being at work, people may use enhancements — some 
well-known, others novel — due to imposed internal or 
external demands. Technological interventions in a human 
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factor context are often seen as merely directed at the envi-
ronment. Human Enhancement, however, emphasizes how 
it can also be the Human that can be the target of techno-
logical improvement (Döbler & Carbon, 2023a).

From the organization’s perspective, enhancement 
behavior occurs between the two poles: without organiza-
tional knowledge and by organizational order. Its signifi-
cance depends on the effects of the enhancement and the 
relevant tasks. Enhancements can evoke novel safety and 
security risks.

When designing a work environment to ensure produc-
tivity, efficacy, well-being, safety, and security, organiza-
tions conduct a somewhat universal intervention. On the 
contrary, and even if rolled out at a larger scale, Human 
Enhancement concerns individuals. Yet, in a tight socio-
technological system, the intended improvement of a sin-
gle human can disturb the overall organization of the same 
system. It is up to human factors to examine how likely 
the effects will be and contemplate how to deal with the 
advancing technologized human-technology relationship.
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A B S T R A C T

Genetic engineering of humans is a controversial practice with unknown societal effects. Gender constitutes an
important evaluative background for human behavior and traits. This manifests within action-guiding normative
gender stereotypes. This study investigates to which extent these stereotypes may influence the application of
genetic engineering. After highlighting potential motivations to enact stereotypes biotechnologically, we propose
two potential strategies. People may design future children in close accordance with contemporary gender ste-
reotypes, e.g., to minimize their risk of being punished for non-confirmation, or may create individuals that
counteract these stereotypes, e.g., to create a more gender-egalitarian future. To test these hypotheses, we
analyzed a large-scale dataset (13,641 virtual children) from an interactive museum exhibit. Here, visitors could
design their “perfect child.” Gender-dependent differences in designed Big-5-like personality traits and intelli-
gence, musicality, creativity, and sportiness yielded evidence for behavior predicted by both strategies and were
inconclusive regarding the dominance of one strategy. Confirming contemporary stereotypes, children deliber-
ately chosen to be male were designed with lower sensibility but higher sportiness than those deliberately chosen
to be female. These effects were accompanied by a relatively higher probability of decreasing sensibility and
increasing sportiness of these male children. Non-differences among traits like sociality and conscientiousness
disconfirmed normative stereotypes and suggested a more egalitarian design. Effect direction, strength, and
certainty depended on whether gender was picked deliberately and other factors. Although the ecological setting
and methodological limitations hinder a clear interpretation, we provide initial evidence on how genetically
engineered children can “essentially” embody gender normativity.

Abbreviations and glossary

Good-GH: Good-Gender Hypothesis
Eman-GH: Emancipating-Gender Hypothesis
F: Female (Children who were deliberately chosen to be female)
M: Male (Children who were deliberately chosen to be male)
rF: random Female (Children whose randomly assigned female

gender was not changed)
rM: random Male (Children whose randomly assigned male

gender was not changed)
DGC: Deliberately gendered children (Children whose randomly

assigned gender was changed – F/M)

RGC: Randomly gendered children (Children whose randomly
assigned gender was not changed – rF/rM)

1. Introduction

Reproductive technologies require weighty decisions about whether
and how to intervene in the “natural” processes of parenthood (Ihde,
1990). Prominently, this concerns prenatal diagnostics and the decision
as to whether embryos with natural genetic defects should be carried to
term. (e.g., Cunningham et al., 2015; Verbeek, 2011). Another decision
pertains to choosing a specific sex for the child (e.g., Sharp et al., 2010).
The selection of one embryo over the other practiced in this context is a
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broad measure. Yet, advancements in genetic engineering, like the DNA-
cutting “genetic scissor” of CRISPR/Cas9, allow for the deletion or
addition of genes with unprecedented accuracy (Redman et al., 2016).1

CRISPR/Cas9 is already used for treating genetic diseases (Khalaf et al.,
2020), but it could also influence the genetic basis of personality
(Banazadeh et al., 2024). This technology has reignited the ethical
debate about the decision to preemptively target embryonic genes in a
health-promoting way (Calabrese et al., 2020) and create “perfect”
children (Snure Beckman et al., 2019).

Arguments against such practice include the impression that one is
“playing God” (Schönthaler et al., 2022, p. 363) or is "meddling with
nature" (Pew Research Center, 2016, p. 5). One reason for this unease is
so-called genetic determinism, i.e., the idea that genes are highly causally
responsible for observable differences within humans (Resnik &
Vorhaus, 2006). This is often accompanied by so-called genetic essen-
tialism, the belief that our genes harbor a specific “essence,” that is not
only causally responsible for shown behavior but "immutable, funda-
mental, homogeneous, discrete, [and] natural" (Dar-Nimrod & Heine,
2011, p. 801). Following this assumption, some people may see genetic
engineering as either a reliable and direct way to modulate human ca-
pacities for good (Dar-Nimrod & Heine, 2011) or an interference with a
defining aspect of our identity (Wilson, 2014). Suppose genetic engi-
neering allows for the precise, direct, and highly consequential attune-
ment of natural human features to human norms (Buchanan, 2011):
which norms, other than health-related ones, should we adapt to? What
“natural” features are a target for change, and what kind of humans are
meant to be designed?

Closely linked to gene essentialism is so-called gender essentialism, i.
e., the belief that the traditional categories of male and female and their
related differences can be reduced to a definite biological and genetic
makeup (Hendl, 2017; Saguy et al., 2021).2 Endorsing genetic and
gender essentialism can be empirically linked to affirming gender ste-
reotypes (Keller, 2005; Meyer & Gelman, 2016; Nürnberger et al., 2016;
Saguy et al., 2021; Weisgram & Bruun, 2018). Stereotypes concern
personality, abilities, and behavior- and appearance-related factors
(Koenig, 2018). Their content mirrors a normatively gendered,
interaction-structuring environment in which deviation from one’s
“essential” nature can have serious consequences (Butler, 1988; Saguy
et al., 2021). Empirically, those who behave stereotype-non-conforming
risk negative consequences, and those who issue these consequences
may do so to maintain given gender relations (Rudman, Moss-Racusin,
Glick, & Phelan, 2012). Stereotyped features like athletic, intellectual
abilities and weight (Prentice & Carranza, 2002; Tang-Péronard &
Heitmann, 2008) are well-recognized regarding their genetic basis
(Willoughby et al., 2019). Given that convictions about gender can be
highly naturalized and action-guiding (Butler, 1988; Butnor & MacK-
enzie, 2022; Saguy et al., 2021) and the manipulation of the human
genome is thought to yield significant behavioral differences, normative
gender stereotypes could influence which features of the latter are
meant to be changed.

Following the call, to use any available knowledge to ensure the
child’s well-being (Savulescu, 2001) and the beneficial outcomes of
adhering to gendered ideals (Rudman, Moss-Racusin, Glick, & Phelan,
2012), targeting what is assumed to be the biological foundation of our
behavior and personality may be a tempting strategy to enforce ste-
reotypes and create a “perfect” boy/girl that is unlikely to experience the
harsh consequences of gender deviant behavior. This stereotype-
enforcing perspective is matched by positions that see emerging

biotechnology as the first step into a non-essentialist, gender-tran-
scending society (Hughes & Dvorsky, 2008).

To our knowledge, no empirical study has investigated the link be-
tween genetic engineering and normative gender stereotypes. We mean
to address this gap on a theoretical and empirical basis. Reflecting on the
ethical intricacies of the phenomenon, we will develop two working
hypotheses. One argues that parents may genetically engineer their
children in accordance with a benign normative standard. Since gender
stereotypes could be part of such a standard, we will review how
parental actions already enforce or dismantle gender typicality and how
these behaviors manifest in contemporary reproductive decisions.
Hereafter, we will specify two testable hypotheses on whether people
will use genetic engineering to either enforce or dismantle normative
gender stereotypes. After discussing their implications, we will empiri-
cally test the hypotheses’ impact on hypothetical genetic engineering.
For that reason, we analyzed data collected from an interactive museum
exhibit, where visitors could genetically engineer their “perfect child”
by designing gender, health, personality, and talents to their wishes.
Given the prospect of emerging biotechnologies with unknown societal
consequences, this paper aims to provide insight into the following
question: Suppose parents are interested in the well-being of their child, and
gender is a consequential factor for the potential experience of social harm.
How will normative conceptions about gender manifest when widespread and
precise genetic engineering of humans becomes potentially available?

2. Theory & hypotheses

Psychological research requires comprehensive theory-building and
empirical testing. We hope the theoretical discussion here inspires future
research, even if the subsequent investigation cannot address every
proposition.

2.1. Working hypothesis A1: Adapting children for good

It should not be too controversial to state that parents are interested
in the well-being of their children.3 Prenatally, pregnant women desire
their children to be healthy and adjust their behavior in ways deemed
beneficial for this goal (Bondas & Eriksson, 2001). The same study also
showed that women were anxious about complications or their
parenting abilities. Fathers reported similar worries (Dabb et al., 2023).
In this context, the practical and theoretical possibilities of preimplan-
tation/−natal diagnostics and reproductive techniques can inform,
mitigate, or validate parental concerns about the child’s health
(Cunningham et al., 2015; Hodgson & McClaren, 2018). However,
availability and obtained information can yield pressure to make the
“right” decision about the embryo’s fate (Cunningham et al., 2015).
Moreover, parents may question their capacity to care for a disabled
child and bemoan that the child has fewer opportunities in life (Hodgson
et al., 2016). If parental motivations are reliably benign, should they not
be interested in “select[ing] the child, of the possible children … who is
expected to have the best life, or at least as good a life as the others,
based on the relevant, available information” (Savulescu, 2001, p. 415)?
Savulescu (2001) originally formulated his “Principle of Procreative
Beneficence” concerning preimplantation genetic diagnosis (PGD) and
in-vitro fertilization (IVF) and contrasted those interventions against

1 We will refer to interventions that alter the individual genome as genetic
engineering

2 E.g., “Every cell of the body and the entire body plan and form mark us as
either male or female, and it is hard to imagine any more fundamental or
essential characteristic of a person.” (President’s Council on Bioethics, 2003, p.
67)

3 Of course, there is child-harming behavior by parents, e.g., physical, sexual,
or emotional abuse. Reasons for this conduct are complex. For instance, people
who experienced abuse themselves reported more favorable attitudes toward
abusing infants (Clemens et al., 2020). We do not want to defend these prac-
tices, yet emphasize that people may show objectively morally reprehensible
conduct out of subjectively justified reasons. Moreover, for some, the act of
genetically engineering children may fall under this category (e.g., Hendl,
2017; Sparrow, 2019). Demanding a nuanced investigation, a discussion of
these topics is beyond the scope of this paper.
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genetic alterations of a chosen embryo. Although it was explicitly meant
to communicate a normative appeal, the principle’s underlying
reasoning seems to describe contemporary attitudes accurately. Parents
express support for the idea of discarding genetically impaired embryos
(Cunningham et al., 2015). Moreover, people support genetic engi-
neering to enhance resistance against pathogenic agents or eliminate
congenital disabilities (Jedwab et al., 2020). While the biotechnological
reduction of harm associated with organismic “malfunctions” is far from
uncontroversial (e.g., Padden & Humphries, 2020), people still consider
these means to ensure their children can live as risk-free as possible.

If parents are generally concerned about their children’s well-being,
should they not be interested in selecting a child whose features
comprehensively increase the probability of favorable outcomes?
Indeed, Savulescu (2001) applied his principle not only concerning
health but also with respect to characteristics he deems universally
beneficial (e.g., intelligence). He even extended his position beyond the
context of child selection and claimed that we are ‘morally obliged’ to
employ genetic engineering to change personality traits that may impair
human flourishing (Savulescu, 2005). Prima facie people seem not to
concur with this reasoning. Instead, they are much more willing to
endorse genetic engineering for treating and preventing medical con-
ditions rather than targeting psychological features for improvement
reasons (Jedwab et al., 2020). Compared to people with no children,
parents are even more skeptical about genetically engineering human
DNA (Jedwab et al., 2020) or interfering with children’s characteristics
by technological means (Wagner et al., 2018). However, parental mo-
tivations to care for their disabled children can manifest in the
endorsement of therapeutic genetic manipulation (Snure Beckman et al.,
2019). Moreover, a recent study revealed that 2.15 % – 5.75 % of
participating U.S. parents have previously administered pharmacolog-
ical substances without medical indication to their children to improve
their cognitive capacities (Sattler et al., 2021). Additionally, general
investigations into the attitudes toward genetic engineering (e.g., Mar-
teau et al., 1995; Pew Research Center, 2016; Schönthaler et al., 2022)
do not show universal rejection of this intervention. Scheufele et al.
(2017) report that 26 % of respondents favored the application of he-
reditary genetic engineering for purposes other than treatment. A
number rising to 39 % when beneficial effects would be non-hereditary.
This is mirrored by a cross-country survey, indicating that around 30 %
of participants affirmed the employment of genetic engineering for in-
telligence improvement (Jedwab et al., 2020). Furthermore, several
scholars (e.g., Bostrom, 2003; Sorgner, 2015) have argued for this
technology’s beneficial impact. Despite prevalent ethical concerns, we
can reasonably assume at least some support for using biotechnology to
directly adapt children to maximize the chance for positive outcomes
and minimize the chance of negative outcomes.

Still, genetic engineering is nothing that is taken lightly.
Evolutionary-inspired arguments against large-scale interventions with
the human gene pool fear the loss of protective variation within the same
(Van Dijke et al., 2018; cf. Powell, 2012). However, there are claims that
this practice must be implemented if we want to conserve a valued state
of general health (Powell, 2015). The empirically observed importance
of whether non-treatment interventions yield hereditary effects
(Scheufele et al., 2017) and discussion about species-related negative
effects (Van Dijke et al., 2018) suggests that people are considering
evolutionary consequences. In general, the debate revolves around the
idea that shaping individual genomes to a specific ideal may have far-
reaching and generationally relevant negative societal, biological, and
moral consequences (for an overview, see Van Dijke et al., 2018). This is
most evident in the accusations that Savulescu’s procreative beneficence
re-endorses historical eugenic practices (Sparrow, 2007). This general
concern – also mirrored in the genetic engineering debate – is that gene
selection may reduce human diversity because decision-makers sys-
tematically eliminate features linked to potential individual and social
harm (Garland-Thomson, 2020; Padden & Humphries, 2020; Sparrow,
2007; Van Dijke et al., 2018). Sparrow (2007) specifically argued that

the social forces that discriminate against different skin colors or sexual
orientations pressure parents into selecting children that would swiftly
realize a hetero-normative, ethnically homogenous society. Since some
people would indeed use genetic engineering to prevent children’s ho-
mosexuality (Marteau et al., 1995), empirical data supports Sparrow’s
concerns that the focus on the child’s well-being may yield controversial
decisions. Savulescu (2001) argued that his principle holds even if
possibly entrenching negative social conditions, but emphasized the
need for societal measures that mitigate discrimination. However, such
policy-focused solutions may not immediately benefit one’s child.
Hence, it is not surprising that although parents of congenitally ill
children feared that genetic engineering could lead to the diminished
acceptance and subsequent extinction of humans with disabilities, some
of them wanted to use every available means to help their child, even if
this perpetuated discriminatory attitudes (Snure Beckman et al., 2019).
Despite all valid ethical concerns about the solidification of stereotypes
and wrongful societal norms (e.g., Hendl, 2017; Sparrow, 2007), let us
approach this issue from the parents’ perspective. If they are funda-
mentally concerned about the well-being of their child, and this already
motivates a wide range of behaviors before birth: Is it not tempting to
use the transformative power of genetic engineering to attune the child
to a normative environment, rather than reshaping the environment to
meet the child’s needs (see Döbler & Carbon, 2024)?

This idea does not require explicitly following the dogma of pro-
creative beneficence. If genetic engineering of humans becomes avail-
able, parents will likely contemplate whether their child’s genes are
adaptive and promote well-being in a given environment. In that case,
we assume that the normative dogma and the goal of being good parents
leads to the selection of genes that the designers believe will increase the
likelihood of a good life for their children (see Bostrom, 2003; Weaver
et al., 2020). Thus, people are believed to design children whose chosen
features mirror a given value structure. This structure entails normative
convictions about how children ought to be (prescription) or ought not to
be (proscription) and assumed beneficence of adhering to these norms
(see Koenig, 2018). As the cited evidence shows, this will likely elimi-
nate devalued medical conditions and diseases. However, we have also
reviewed the contentious idea that normative convictions extend toward
psychological features whose potential consequences are deeply socially
embedded. Thus, we formulate working hypothesis A1:When designing a
“perfect” child, designers align the configuration of the future child with
normative convictions. They will do so to enable the child to live a good life.
Most commonly, features like the predisposition of diseases are over-
whelmingly eradicated. Less medically speaking, choices regarding traits like
personality and talents should be related to common notions about the value
of a specific level of feature expressions.

Apart from the suggested focus on health, what other normative
beliefs are so pressing and dominant that parents attune their behavior
to them? What environment may they adapt their children to? One
answer is a gendered one.

2.2. Working hypothesis A2: Gendered children

Our socio-material environment can be seen as structured in a way
that reflects, enforces, and maintains a essence and biology dominated
conception of gender and subsequently guides cognitive, behavioral,
and social processes (Saguy et al., 2021). Butler (1988) pointed out how
gender must be “performed” (p. 527) correctly and how doing so can be
seen as adaptive strategic conduct to prevail in a normative social
environment. According to her, shown behavior must concur with
normative historicized expectations. One way to cultivate normative
demands in a socio-material environment is through gender stereotypes
(Saguy et al., 2021). Stereotypes about males and females are concerned
with many features and are similarly descriptive and normatively pro-
and prescriptive (Koenig, 2018; Prentice & Carranza, 2002). They have a
pertinent influence on cognitive and social processes (Ellemers, 2018)
and can rationalize mistreatment if individuals do not act accordingly
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(Rudman, Moss-Racusin, Glick, & Phelan, 2012). Thus, people may be
motivated to showcase stereotypical behavior to prevent negative con-
sequences (Rudman, Moss-Racusin, Glick, & Phelan, 2012) and invest
resources into complying with what they consider a stereotypical adult
male or female (Sanchez & Crocker, 2005). This would be akin to
“performing” gender in accordance with historized established norms
(Butler, 1988).

Seeing gender stereotypes as cultivated psychological guardrails for
successful adaptation, it becomes evident how gender-confirming
behavior perpetuates their content (Butler, 1988; Butnor & MacK-
enzie, 2022; Rudman, Moss-Racusin, Glick, & Phelan, 2012). Crucially,
this extends to external evaluators so that their negative or affirmative
response to shown behavior may be motivated to reduce future devia-
tion from the established script and maintain gender normativity
(Rudman, Moss-Racusin, Glick, & Phelan, 2012). This is emphasized
within the rich body of literature on how people are socially, econom-
ically, and physically punished if their appearance, personality, or
behavior does not comply with contemporary gender stereotypes (e.g.,
Blondeel et al., 2018; Moss-Racusin et al., 2010; Rudman, Moss-Racusin,
Glick, & Phelan, 2012; Rudman, Moss-Racusin, Phelan, & Nauts, 2012;
Stotzer, 2009). Being overly agreeable, for instance, leads to lower in-
come for males (Judge et al., 2012), who are expected to be more
assertive and agentic (Koenig, 2018; Prentice & Carranza, 2002). For
women, displaying agentic assertiveness in job-related contexts reduced
likability (Rudman, Moss-Racusin, Phelan, & Nauts, 2012). Evident
physical abuse against people who do not identify with their gender
assigned at birth shows how peer reactions can be potentially life-
threatening (Blondeel et al., 2018; Stotzer, 2009).

Interested in rendering the harsh consequences for non-stereotypical
behavior less likely, parents could be inclined to attune children’s
characteristics and behavior to a pre-given gendered normativity.
Indeed, although some parents may report eased expectations about
stereotypical behavior, they are unlikely to abandon traditionally
gendered ideals completely (Kane, 2006). Moreover, deviations from the
normative gender convictions were found to be reciprocally causally
related to negative interactions between children and parents (Alanko
et al., 2011), and there is evidence that experiencing high conformity
with one’s assigned gender can be psychologically and socially benefi-
cial (C. L. Martin, Cook, & Andrews, 2017). Parental attunement can
manifest subtly in adapting to the environment according to gender
stereotypes (Saguy et al., 2021). For instance, parental gender stereo-
type endorsement was shown to positively influence the children’s
normative gender stereotypes and predicted furnishing the child’s
bedroom in a stereotype-matching way (Sutfin et al., 2008). Moreover, it
is highly desired for boys to play with gender-matched “masculine” toys
but disfavored for them to play with “feminine” ones (Koenig, 2018).
The action-guiding power of these stereotypes was shown by their pre-
dictive power upon people’s reluctance to buy gender atypical toys for
children (Weisgram & Bruun, 2018). This shows how, apart from bio-
logical determinants, socio-material conditions and parental actions can
significantly influence how gender is experienced and expressed by their
children (Antoniucci et al., 2023; Davis & Greenstein, 2009). Growing
up, children may internalize externally imposed parental and social
demands so that they themselves become the pivotal authority for
enforcing conformation with one’s assigned gender (Jackson et al.,
2021).

We can locate the foundation for these processes prior to birth. The
most common cases are pregnancy-related ultrasound examinations.
Although merely exposing a biological feature, prenatal sex revelation
may shape the expectations of parents according to gendered stereotypes
(Browne, 2017). In this sense, these procedures prenatally turn biolog-
ical sex into social gender (Verbeek, 2011). Imhoff and Hoffmann (2023)
assessed which features parents desire within their children before and
after their child’s sex was revealed this way. Results indicated that fa-
thers shifted their preferred features in a stereotype-conforming direc-
tion. Although the effects were not strong and were conditional on

parent gender, the authors point out that even minor effects can
contribute to a steady perpetuation of normative gender convictions.
Parental beliefs about gender can become so decisive that people choose
to terminate a pregnancy due to the expected child’s gender (Abrejo
et al., 2009; Dubuc & Coleman, 2007). But even before the term starts,
available technologies allow for the determination and selection of
embryonic sex. Here, it was argued that the general practice of sex se-
lection in its contemporary (e.g., PGD, IVF) and future manifestations
meddles with the parental dogma of unrestricted affection (Hendl, 2017;
President’s Council on Bioethics, 2003). On a more global scale,
implementing such practices was also feared to turn individual benefits
into societal disadvantages because it would distort the preferred sex
distribution (President’s Council on Bioethics, 2003). Savulescu (2001)
acknowledges that parents may be inclined to select the socially privi-
leged sex. Yet, he rebutted that this conduct would quickly self-regulate
because an uneven sex distribution would diminish the life quality of
born men (cf. Sparrow, 2007). Nonetheless, so-called sex selective abor-
tion led to an abundance of male children in many countries, including
migrant communities in the United Kingdom (Dubuc & Coleman, 2007).
In light of the empirical evidence of this practice and proposed argu-
ments in favor of it, Hendl (2017) highlights how selecting for sex is built
upon the normative convictions that characterize gender stereotypes.
Moreover, she points out how doing so enforces essentialistic views
about gender, which effectively undermine egalitarian relationships and
constrain children’s independence. According to Hendl, this is because
sex selection reduces projected behavioral and psychological differences
to a genetic basis and, therefore, prenatally imposes parental demands
upon the child to act in a stereotype-conforming way. In a similar vein,
Browne (2017) accused proponents of sex selection of short-sightedness
about systemic relationships and ethical implications. When asked
directly for their reasons for pursuing clinical sex selection, couples
expressed the hope that it would yield valued gender-related experi-
ences, e.g., walking one’s daughter down the aisle as a father (Sharp
et al., 2010). In the same study, couples seemed unworried about so-
lidifying discriminative attitudes based on gender. Nonetheless, these
results suggest that sex revelation and selection are deeply imbued by
expectations regarding gender (Browne, 2017).

Fitzgerald (1997) warned against using gene engineering technology
against transgender children to enforce gender conformity. However,
sex selection does not inevitably lead to gender-stereotypical behavior
(Hendl, 2017). To ensure the latter, one could exaggerate this practice
and not only select the general chromosomes but the entire genetic
makeup. Thus, application possibilities may reach beyond selecting a
particular hoped-for gender identity and stretch toward precisely
shaping it according to normative convictions. Under the impression
that gender and our genes are highly consequential for our behavior and
identity (Dar-Nimrod & Heine, 2011; Haslam & Whelan, 2008), why not
implement procreative beneficence and equip the child with a set of
features whose composition reflects valued male or female levels? Even
if using transformative technological practices to adhere to gender ste-
reotypes may maintain the harmful conditions that gave rise to them
(Little, 1998): The motivation to minimize harm or have a “perfect”
boy/girl may incline future parents to make controversial decisions.
Why spend tiresome hours educating boys and girls on how or how not
to behave and use genetic engineering to adapt the child to a gender-
normative environment?

However, note the possibility of using this technology the other way
around. Instead of enforcing them, people could design children as non-
compliant with normative expectations (see Hughes & Dvorsky, 2008).
Individuals who do so are called “vanguards” and have the potential to
change stereotypes by empirically disproving them (Rudman, Moss-
Racusin, Glick, & Phelan, 2012, p. 168). Indeed, parents can enact
gender norms in an egalitarian way (Marks et al., 2009). Suppose future
parents disvalue gender stereotypes: What better way to call them into
question than by genetically establishing their falsification?

These thoughts yield working hypothesis A2: Due to the evaluative
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dominance of gender, we suspect that perfect children are designed in relation
to normative gender stereotypes. What demands further discussion is
whether people will use genetic engineering to enact or dismantle
normative gender stereotypes.

2.2.1. Enforcing stereotypes: Good-Gender Hypothesis (Good-GH)
Committed to ensuring that their children live as good a life as

possible, people may use genetic engineering to design them in accor-
dance with normative stereotypes. Following the benign-motivations
reasoning (A1) and importance of gender (A2), this may be driven by
the intention to preventively protect children against negative conse-
quences that result from gender stereotype-violating behavior or per-
sonality traits (see Rudman, Moss-Racusin, Glick, & Phelan, 2012). Take
the finding that agreeableness correlates negatively with income, espe-
cially for males (Judge et al., 2012). If parents do not want their male
child to be economically punished, the logical choice is to make him not
overly agreeable, even if this maintains the existing normative stereo-
types that females shall display more agreeableness and males more
assertiveness (see Prentice & Carranza, 2002). Even if enforced stereo-
types are deemed unfair or untrue, one can still conclude that a child
would be better off adhering to them.

Additional influences for enforcing stereotypes may be their
cognition-scaffolding function, their perceived importance for struc-
turing gender relations, the belief that they are societally justified
(Ellemers, 2018), or one’s interest in maintaining hierarchical gender
relations (Rudman, Moss-Racusin, Glick, & Phelan, 2012). Preferring
stereotypical characteristics within the child may also be linked to the
designer endorsing the existence of a gender essence (see Broussard &
Warner, 2019; Meyer & Gelman, 2016). Nonetheless, all these motiva-
tions converge to the attempt to create “good group member[s],” i.e.,
individuals whose behavioral and mental features are closely aligned
with what is deemed quintessential for a gender (Ellemers, 2018, p.
287). This happens through the biotechnologically aided translation of
the designer’s stereotype knowledge to the child’s genes. Although this
may have “bad” societal consequences, children designed to align or
even exaggerate contemporary normative gender stereotypes are “good”
children in the most general sense: a proper representation of a
normatively valued concept, idea, notion, etc.4 See Table 1 for an
overview of identified normative gender stereotypes, whose enforce-
ment specifies our working hypotheses to what we call the Good-Gender
Hypothesis (Good-GH).

2.2.2. Dismantling stereotypes: Emancipating-Gender Hypothesis (Eman-
GH)

Schönthaler et al. (2022) report that around 50 % of their partici-
pants expressed worries that engineering the genome to improve mental
capacities may negatively affect social equality. Although an impressive
number, it is not a universally shared concern. Indeed, there is a lively
academic debate about whether genetic engineering or other techniques
to create “perfect” children will reduce or increase socio-economic is-
sues (e.g., Bostrom, 2003; Singer, 2009; Sparrow, 2007; Thomas, 2022;
Van Dijke et al., 2018). The academic debate extends to the question of
gender. Some scholars proposed that biotechnology could pave the way
toward a “postgender future,” where each person’s mental and physical
configuration is up to their maximized self-determination and not bound
to traditional gender lines (Hughes & Dvorsky, 2008, p. 13). Achieving
this ideal is explicitly meant to overcome the traditional male/female
binary and mitigate resulting oppression and suffering (Thweatt-Bates,
2016). Arguably a very abstract goal, note how members of the LGBTQ+

community already use drugs to discover novel ways to express their
gender identity in a non-binary fashion (Pienaar et al., 2020).

Translated to our case, this would mean that people use technology
to design children meant to dismantle gender stereotypes and contribute
to increased gender equality (cf. Sparrow, 2007). Societally, this strat-
egy would attempt to reform the socially unfavorable environment by
explicitly designing vanguards. Instead of adapting the child to the
environment, this strategy adapts the child in a way that creates friction
to adapt the environment. This is not an unrealistic goal. Gender ste-
reotypes have been proven to be time-dependent (Eagly et al., 2020;
Zehnter et al., 2018) and are sensitive to frequency information about
shown behavior (Diekman & Eagly, 2000).

Arguably, this would put a significant burden on these children and
introduce a profound strategic element to parents’ reproductive de-
cisions (Sparrow, 2007) that even Savulescu (2001) opposed. However,
given that children are prone to adopting their parents’ more egalitarian
understanding of gender (Davis & Greenstein, 2009), the principle
process described here is not new. For instance, male children with
parents who hold gender egalitarian beliefs were more likely to also
affirm them (Myers & Booth, 2002). Designing vanguard-like children
may reflect the idea of using genetic engineering to create a better future
where discrimination based on individual stereotype compliance is less
prevalent. To-be-expected negative consequences for stereotype devia-
tion (Rudman, Moss-Racusin, Glick, & Phelan, 2012) may be a burden
parents are willing to place on their children. Targeting features crucial
in preserving the current Western gender hierarchy may be particularly
interesting here (see Rudman, Moss-Racusin, Glick, & Phelan, 2012).
This entails high-status agentic traits which are more prescriptive for
males (Rudman, Moss-Racusin, Phelan, & Nauts, 2012).

Such a strategy seems to favor positive societal consequences over
individual ones. However, there is a long and recently renewed debate
about the potential psychological and social adaptiveness of individual
identification with typical male and female features (C. L. Martin,
Andrews, et al., 2017; C. L. Martin, Cook, & Andrews, 2017).5 In light of
the potential benefits of this so-called psychological androgyny (C. L.
Martin, Cook, & Andrews, 2017), those who follow this design strategy
should not be seen negatively. Their actions can still aim to ensure a
good life for their children. Another reason for the creation of vanguards
may be a strong prospective focus. People may anticipate a more gender
egalitarian future (Diekman & Eagly, 2000) and may attempt to adapt
their children not to the contemporary but anticipated gender egali-
tarian stereotype landscape.

Assuming that contemporary stereotypes are perceived as non-
favorable so that the child will be better off not adhering to them, peo-
ple can design emancipated children who, by their non-obedience to the
gender stereotypes, can foster societal change and are prideful in doing so.
This derivation of our hypotheses is called the Emancipating-Gender
Hypothesis (Eman-GH).

2.3. Clarifying the implications and effects of Good- and Eman-GH

The following section will elaborate on psychological mechanisms
that may foster adopting a strategy that orients at the Good-GH or Eman-
GH. We will also discuss the consequences of these strategies, should
they ever be implemented, and how people may react toward designed
children.

Adopting an essentialistic perspective, males and females are
conceived as natural, imperishable, biologically highly distinct cate-
gories (Haslam et al., 2000). If these categories are potentially explained
by genetic factors (Dar-Nimrod & Heine, 2011), why would there be a
need to interfere with processes that are assumed to occur naturally?
Observing the characteristics whose allegedly distinct combination4 Categorizing genes and people as “good” is problematic because this im-

plies the presence of a “bad” counterpart (Carbon, 2021). Hence, this naming
refers to the logic of the stereotypes alone. Evaluation as “good” and “bad” in
one context (for instance, in terms of terminal diseases) does not imply
generalizability to other areas.

5 Thanks to the anonymous reviewer for pointing out the theoretical link
towrds psychological androgyny

N.A. Döbler and C.-C. Carbon Acta Psychologica 254 (2025) 104748 

5 

Appendix 3. Döbler and Carbon (2025) 253



constitutes the assumed binary categories inevitably reveals variety
within the underlying distributions. Even if individuals posit a high
degree of distinctiveness between the overarching categories, some in-
dividuals may be more similar to the “perfect” male or female (see
Ellemers & Jetten, 2013). The suitable strategy to create a “good” rep-
resentation of one category demands aligning them with the mean of the
gender feature distribution or pushing individual characteristics even
further beyond. Assuming genetic determinism, genetic engineering of
personality and other features may be seen as a means to locate traits at
the desired level and maximize differences.

Habermas (2005) pointed out that designing children may interfere
with the child’s self-determination if ever disclosed (see also Hendl,
2017). This is because the child has to cope with being purposefully
designed and objectified (Habermas, 2005. Accordingly, biotechnolog-
ical embryonic manipulations cut deeper than parenting or educational
efforts (Hendl, 2017; cf. Sorgner, 2015). Yet, Resnik and Vorhaus (2006)
argue that concern about parents who overwhelm their children with
autonomy-constraining expectations builds upon an assumed profound
genetic determinism rather than actual empirical evidence. They claim
that related parental misconceptions can be easily adjusted to the latter.
In other words, if genes are less influential than thought, the interven-
tion is far less controversial because it is less consequential. Resnik and
Vorhaus correctly emphasize the power of personal beliefs. Yet, what
matters here is not the precise empirical effect of genetic engineering
(something we currently can only speculate about) but the fact that by
granting the engineered genes some influence, one can claim limited
justification for one’s expectations. After all, beliefs in genetic deter-
minism are associated with more realistic heritability estimations of
various traits, including personality (Willoughby et al., 2019). So, peo-
ple may have a good intuition about the possibilities of the intervention.
Even if attributing the majority of gender differences to environmental
factors, parents may still contemplate whether they should not do
everything possible to ensure that their children match their normative
convictions.6 Furthermore, empirically unjustified expectations can still
influence the parent-child interaction (Browne, 2017). Even without
strong determinism, children may experience strain from the require-
ment to psychologically make sense of the fact that the genetic infor-
mation inscribed into them reflects social conventions and beliefs
imposed on them by others (Habermas, 2005. This is how sex selection
may infringe upon the child’s autonomous development (Hendl, 2017).

However, possible interactions between (modified) genes and the
environment render expression of the former uncertain (Resnik &
Vorhaus, 2006; Sparrow, 2019). Nonetheless, peers already evaluate the
child’s biological makeup and scrutinize its observed gender identity
and behavior regarding a potential overlap (Abreu et al., 2019; Brous-
sard & Warner, 2019). Instead of linking the reason for the child’s
conduct to evident visual cues, people may also scrutinize its genetic
makeup (Hendl, 2017). Even if unwarranted, people refer to genetic
components as an irrevocable justification for stereotypes (Dar-Nimrod
& Heine, 2011; Saguy et al., 2021). If polycausal social differences be-
tween males and females are explained by an allegedly essential and
deterministic biological reality (Hoffman & Hurst, 1990), social contexts
that incentivize such argumentations are reinforced (Saguy et al., 2021).
Hence, while assuming an inevitable genetic determinism is probably
fallacious (Resnik & Vorhaus, 2006), arguments for overcoming such
reasoning in general (e.g., Resnik & Vorhaus, 2006) and for gender in
particular (e.g., Saguy et al., 2021) must acknowledge the appealing
psychological function of assuming a solid genetic influence when trying
to understand human behavior (Dar-Nimrod & Heine, 2011).

Using genetic engineering to alter and create the genetic foundation
for these “essential” differences harbors a contradiction. Any assumed
(genetic) essence is usually explicitly defined as immutable (Dar-Nimrod

& Heine, 2011; Neufeld, 2022). Because they were changed, engineered
genes cannot qualify as immutable carriers for our identity and thus
cannot justify related stereotypes. Yet, if linked to genetic determinism,
assumed immutability may not only refer to a chemical structure but
may also concern an assumed causal relationship (Dar-Nimrod & Heine,
2011): “If the [engineered] genes are present, the outcome is expected”
(Dar-Nimrod & Heine, 2011, p. 802). However, we agree that seeing
genetic engineering as a universal solution for social issues may stem
from a biased perception of genetic influences (Dar-Nimrod & Heine,
2011). Nonetheless, we argue for the fundamental action-guiding effect
of assumed technological capacities in interaction with what is believed to
indicate a “perfect” woman/man. If people know that a child was
designed in (dis)accordance with gender stereotypes, they are likely to
respond to whether the designed human fulfills their (irrational) ex-
pectations. Gender and genetic essentialism are not meant to be philo-
sophically sound. Instead, they are heuristic but consequential ways of
explaining the variations within human gendered behavior (Dar-Nimrod
& Heine, 2011; Saguy et al., 2021). Once the information is inscribed, it
can serve as the basis for stereotypes, rendering everybody who lacks the
respective genes or, where the genes fail to manifest in behavior, a “bad”
representation of their assigned gender. This directly evokes the prob-
lematic notion of “good” and “bad” genes (see Carbon, 2021) and em-
phasizes the enterprise to create children whose behavior aligns with
what is “naturally” expected (see Ellemers, 2018).

If successfully manipulated, the child’s genetic code is shaped ac-
cording to an external standard that values or disvalues particular genes.
If the gender-related attitudes of parents prenatally guide their behavior
(Browne, 2017; Jack, 2020), decisions in the genetic design process
heavily depend on parental convictions about gender. The biological
features do not merely inform parental expectations, but the expecta-
tions form the biological features. Similar to sex selection (Hendl, 2017)
but far more radical, using genetic engineering in the way proposed in
this paper may constrain the children’s participation in its gender
development. Even if it never leads to tangible differences, genetic en-
gineering is the unidirectional manifestation of parental expectations
before birth. In that sense, the embryo cannot enact gender because it is
unable to act: Gender is enacted upon it. Thus, enacting the Good-GH
attunes a part of physical reality to social norms. In opposition, Eman-
GH-children’s adaptation may necessitate questioning one’s stereotypes
and possibly attuning them to physical reality. Inscribing the specific
attitude toward these gendered ideals renders the child’s DNA an affir-
mative or dismantling embodiment of the stereotype content. Suppose
the manipulated embryonic genes manifest in behavioral and psycho-
logical differences that match stereotype content. If so, Good-GH chil-
dren do not only embody but also enact gender stereotypes. A self-
experienced alignment between individual attributes and gender ste-
reotypes can reinforce identification with one’s gender and subse-
quently inform in-group perception (Tobin et al., 2010). The same
experience was associated with beneficial individual outcomes but can
also negatively influence opposing gender interactions (C. L. Martin,
Andrews, et al., 2017). However, it may also be possible that children
who reliably disconfirm stereotypes develop a more relaxed under-
standing of gender categories (Tobin et al., 2010). If these children
become parents, their attitudes can then be transmitted within their
families (Davis & Greenstein, 2009).

This hints toward an intricate relationship between self-perception,
stereotypes, and child-related preferences. As one of the anonymous
peer-reviewers did, one could argue that parents are more interested in
designing a child that corresponds to their characteristics rather than
being aligned with some external standards. For instance, when adopt-
ing a child, parental decisions can be influenced by the desire to pick a
child of the same race as theirs (Ishizawa & Kubo, 2014). Moreover,
parents are motivated to impart their personally held values to their
children (Barni et al., 2017). Noteworthy parental, benevolent sexist
convictions predicted the extent to which they propagated values that
entailed a traditional perspective on gender relations (Barni et al.,

6 Of course, there may be parents who are totally against the idea of genet-
ically modifying their children.
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2022). This adds to the findings that gender-relevant attitudes and self-
perceptions are transmitted within a family (Antoniucci et al., 2023;
Moen et al., 1997; Tenenbaum & Leaper, 2002). Possible reasons for
these effects span from imitation learning over confirmation demands to
genetic causes (Antoniucci et al., 2023) but should also be seen in light
of the moderating influence of individual experiences and societal
gender emancipation (Moen et al., 1997). In line with our working hy-
pothesis A1, parents could elevate their qualities to a decision-guiding
normative standard meant to ensure a good life. However, even if
normative gender stereotypes may draw an exaggerated picture that
does not necessarily correspond to how people describe themselves
(Renström, 2024), parents are still confronted with the same gendered
expectations as their future children. Hence, what they experience as
important is not independent of societal forces. In that sense, the deci-
sion to design children with high similarity to oneself may still be
influenced by stereotypes and converge with what is expected under the
Good-GH or Eman-GH. Of course, there are normative frameworks other
than gender to which the child can be adapted to. However, the point is
that by being able to influence the children’s characteristics, parents are
urged to make critical decisions that align with some individual and
social understanding of “right” and “wrong.” The ubiquitous confron-
tation with the normative implications of gender (Butler, 1988; Saguy
et al., 2021) makes it difficult to argue why this pivotal feature should
not play at least some role when people are asked to design their perfect
child.

Humans tend to generalize information about single individuals to
validate and potentially change group evaluation (McIntyre et al.,
2016). Eman-GH and Good-GH intuitively capitalize on this psycho-
logical phenomenon. Moreover, they are informed by a perceived pre-
sent or desired future statistical norm of gender-associated features. The
perceived statistical norm influences moral evaluation, so “normal”
cases are perceived as more acceptable (Lindström et al., 2018; Martín
et al., 2023). On a broader scale, empirical differences in performed
social roles and activities are explained by assuming gender-related
differences between the occupying individuals (Hoffman & Hurst,
1990). Hence, the success of both strategies may also depend on whether
the intervention inclines/enables engineered individuals to enact
(counter-)stereotypical roles.

However, the underlying dynamics can render once suitable alter-
ations maladaptive (Döbler & Carbon, 2024). If the statistical norm
changes, offspring created following the Good-GH may display gender-
divergent features and may be more likely to experience the negative
consequences initially meant to be prevented. At the same time,
responding flexibly to contingent demands may be key to capitalizing
upon the benefits of combining typical male and female traits (C. L.
Martin, Cook, & Andrews, 2017). Designing children in a way that
constricts their behavioral repertoire may yield the same maladaptive
rigidity that could also characterize stereotype-conforming Good-GH
children (see C. L. Martin, Cook, & Andrews, 2017). Evaluating this
maladaptive genome against one that would be more adaptive could
render the initial design “obsolete “(Sparrow, 2019, p. 7). According to
Sparrow, this can have negative consequences for the child and dem-
onstrates that dynamic developments put high pressure upon in-
dividuals to keep their genome ‘up-to-date.’ However, full support for
related concerns presupposes viewing human behavior as significantly
genetically predetermined (Resnik & Vorhaus, 2006).

Ascribing sufficient causality to our genes may tempt us to view
engineering them as an alleged shortcut for social and individual issues
(Dar-Nimrod & Heine, 2011). Following one of the proposed strategies
further builds upon the action-guiding power of normative stereotypes.
This may not only influence the behavior of the designing authority but
also shape how children evaluate themselves and are evaluated by
others. However, it is still unclear how design decisions will manifest.
Having established a guiding theoretical framework, we will now
address this issue by investigating whether the Good-GH or the Eman-
GH dominates when people are allowed to create their perfect child.

3. The present study

Working hypothesis A1 suggests that people attune their behavior to
normative convictions when designing their perfect child. Working hy-
pothesis A2 adds that normative gender stereotypes are a critical source
for these convictions. However, parents may have conflicting opinions
on whether following (Good-GH) or dismantling (Eman-GH) these ste-
reotypes is more beneficial. Because they are highly gender-specific
(Koenig, 2018; Prentice & Carranza, 2002), our primary focus will
concern the enactment of personality and talent-related stereotypes. For
that purpose, we will empirically test whether the distribution of
designed features of “perfect” children affirms or disconfirms present
normative gender stereotypes.

4. Methods

4.1. Origin of the data: The exhibit

When discussing the hypothetical impact of genetic engineering, we
inevitably face the problem of technological and ethical feasibility. We
circumvented this issue by extracting existing data from an interactive
exhibit about genetically designing perfect children, located in the
“Deutsches Museum Nürnberg – Das Zukunftsmuseum.“(Nuremberg,
Germany - https://www.deutsches-museum.de/en/nuernberg). Across
the museum, exhibits are meant to educate visitors about hypothetical
future scenarios and disruptive technologies. Visitors can interactively
explore the functioning of gene editing technologies like CRISPR/Cas9,
be the human counterpart in a Turing test, or learn about concepts for
space colonies. The museum recommends a minimum age of 12 years for
visitors.

The exhibit is an interactive, physical screen in the “Body and Mind”
section. The default language is German but can be switched to English.
The English description of the exhibit reads: “Create your perfect child!
You have €250,000 at your disposal. Weigh up which aspects are
particularly important to you.” (Perfect child = “Wunschkind. Literal
translation: “wished-for-child”). At the introductory screen, visitors are
told that “genetic scissors” (German: “Genscheren”) can be used to
purposefully interfere with the genome, either by removing, disabling,
or altering specific genes. After starting the program, visitors can
manipulate randomly preset features of their virtual child. During the
whole manipulation process the child is depicted as a toddler (Fig. 1).

Although the technology is not mentioned directly, the term “genetic
scissors” refers to the pop-science description of CRISPR/Cas9. More-
over, some screens educate visitors about the genetic foundation of
manipulatable features. In that sense, the mechanism of the intervention
was reliably communicated. Behind the exhibit is another station where
visitors can learn about the biotechnological “cutting” mechanism of
CRISPR/Cas9.

4.2. Procedure

The authors were not involved in the programming of the exhibit.
The first possible choice concerns gender. This feature is indicated via a
plush toy lion, either with the male mane or without (female). The next
screen concerns a possible manipulation of skin, hair, and eye color.
Hereafter, removing or adding pre-existing genetic disease dispositions
is possible. Then, five alterable personality dimensions are presented
and briefly described. These traits closely follow the Big-5 personality
model (see Costa Jr. & McCrae, 1992). Visitors could then manipulate
traits framed as talents. They were told that besides genetics, social
features and parental style are important influences, so not every talent
will be used later in life. Fig. 1 shows a procedural overview, additional
information and how personality dimensions were described to the
visitor. After the manipulation, visitors are informed about the other
visitors’ most frequent choices (not grouped by children’s gender).
Visitors then see an animation of their child growing up. They are told
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that different environmental processes influence the child’s character in
a way not predictable by genetic engineering alone. The exhibit briefly
describes the child’s life, with comments on their personality, appear-
ance satisfaction, or if their designed talents have been manifested.
Completing the exhibit takes approximately 2–10 min.

All children are initiated with randomized features. Changing one
feature costs a fixed amount of money, independent of the range of
change. Hence, eliminating a predisposition costs the same as mani-
festing it, and maximizing a feature is similarly as costly as minimizing
it. Gender, predispositions, appearance, personality, and talent expres-
sion are confined to pre-determined probabilities (see Fig. 1 for the
assumed distributions). An extremely high or low feature expression is
only possible by monetary investment. Emphasizing the prospect of
designing features above the norm, manipulation possibilities of traits
and talents are presented on a slider scale ranging from −100 % to 100
% (−1;+1 in the data). Visitors can always navigate backward to revert a
made change.

4.3. Obtained data

Written permission to use the data was granted by the museum. The
university ethics committee further approved the data analysis. The
retrieved dataset comprised N= 13,643 complete engagements with the
exhibit, resulting in the same number of virtual children. The date range
of extracted data was June 4th, 2021, to May 11th, 2022. During this
period, anyone locally present in the museum could interact with the
exhibit. The exhibit does not ask for personal information about the
participants. Hence, we have no sociodemographic information about
the people who used it. This may also minimize social desirability ef-
fects. We cannot determine if persons who engaged with the exhibit did
so only once and cannot clarify if people were genuine museum visitors
or employees, etc.

There were irregularities with the first two data points, both created
on June 4th, 2021. Here, the value of the virtual slider that determined
the RGB-color value of skin, hair, and eye color seemed to have used a
different scale. For instance, an initial slider value of −0.4 created a skin
color visually similar to what was represented as −0.92 among other
children. These first two children were excluded from further analysis
because we cannot ensure whether the other scales were also affected.

The third and fourth children were created on June 29th, 2021, with
the following data collected on July 20th, 2021. We have no information
on what caused the gap in the data. There is no evidence that they were
created by a different data-generating process. 3.03 % (n = 413) of the
children showed no alteration. It is conceivable that these children
reflect a non-attentive engagement with the exhibit. However, it is also
possible that the alterable features were irrelevant enough for the visi-
tors or that they genuinely did not want to genetically engineer their
children. The lack of background information calls for caution but does
not justify the exclusion of specific data points, apart from the irregu-
larities mentioned. The final dataset comprises N = 13,641 virtual ba-
bies designed by an unknown number of people. The supplement
features additional information about the data preparation process.

4.4. Terminology

We will refer to values randomly assigned by the exhibit as featureN,
where N stands for “natural,” and those chosen by the visitors as featureC
(C = choice). If nothing was changed, featureC is equal to featureN.

In the default German description, openness [Offenheit], agree-
ableness [Verträglichkeit], and conscientiousness [Gewissenhaftigkeit]
directly refer to the German translation of the respective Big 5 di-
mensions. Sociality [Geselligkeit] and sensibility [Sensibilität] do not
have a semantic equivalent. The description of the traits suggests a close
association with extraversion [Extraversion] and neuroticism [Neurot-
izismus]. Although not perfect representations, predictions will orient at
this understanding.

The English setting of the exhibit asked to pick the child’s sex.
However, in the German settings, the first screen just asked to pick the
Geschlecht, which is the translation for “sex” and “gender.” In the
following, we will exclusively use the term gender. Apart from pre-
venting a potentially confusing shift in terminology, where sex becomes
gender after the first screen, this is because the matter of stereotypes and
parental expectations closely tie reproductive organs to gender attri-
butions (Browne, 2017). Given that a female/male plush toy indicated
the child’s sex and the prevalence of normative gender stereotypes about
toys (e.g., Koenig, 2018), the exhibit reflects the connection between sex
selection and gender stereotypes (see Browne, 2017). Even an essen-
tialistic argumentation that refers to genetic sex differences usually
merges biological and non-biological variables, thus evoking gender
essentialism (Browne, 2017; Dar-Nimrod & Heine, 2011). The exhibit
described potential choices as male [männlich] or female [weiblich]. We
will retain this wording to describe the depicted child’s gender and not
use the more age-appropriate boy/girl distinction.

GenderN, as presented to the visitor on the first screen, can be random
Male or random Female. Purposefully choosing a gender will result in
genderC = Female/Male. Visitors can also maintain the randomly initi-
ated gender (genderC = genderN). For further differentiation, we include
information about the gender selection decision. Hence, genderC is
eitherMale (M), Female (F), randommale (rM), or random female (rF). We
will refer to these groups with their acronyms if not stated otherwise. If
subsumed as the final gender, we will write out female/male with no
further reference. We call children whose gender has been chosen
deliberately DGC (Deliberately gendered children— M/F) and those
whose genderN was maintained RGC (Randomly gendered children —
rM/rF).

4.5. Methodological considerations

The present study draws from existing data gathered in a field
setting. Because we were not involved in the exhibit’s design, we could
not influence confounding variables, participant selection/engagement,
exhibit programming, etc. Nonetheless, we believe that the overall
setting and the data size are suitable for assessing the action-guiding
power of stereotypes and the hypothesized behavioral patterns. Even
if only evoked virtually, the dogma of parental care and associated
benign motivations should outnumber data of visitors who do not
sincerely act upon their beliefs or did not engage earnestly. Regardless of
size and certainty, any reported effects must be verified in a more
controlled setting.

The framing of the exhibit is believed to have overruled skepticism if
the presented features are indeed linked to genetic variation. Visitors
were further left to believe that their manipulations would reliably
change the features of their virtual child. Only after completing the
exhibit were they told about the possible influence of environmental
factors. Hence, assessing the motivating function of stereotypes is
possible by analyzing the visitor’s declaration of intention, i.e., the
manipulations they hoped to manifest in their “perfect” child.

Starting at 18 months of age, humans increasingly obtain gender
stereotype knowledge (Miller et al., 2006). So, we can reasonably as-
sume that visitors had at least some stereotype knowledge.

4.6. Predictions

Both hypotheses predict a discernible effect of the chosen gender on
the featureC distribution. Moreover, pre- and proscriptions should
manifest in increased likeness to increase or decrease feature values.
Table 1 contains respective predictions and exemplary literature refer-
ences. Predictions were based on linking manipulatable features to the
literature. While physically appearing in concurrence with one’s
assigned gender is among the most dominant stereotypes (Koenig,
2018), we refrained from assessing these factors due to the limited
manipulation possibilities of the exhibit in this regard. The supplement
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contains a detailed rationale about prediction justification, which is not
included here due to its extensive length. The direction of predictions
concerns the final gender. However, to get a more nuanced perspective
on the data and prevent overgeneralization, we will evaluate each pre-
diction also concerning whether children’s randomly assigned gender
was maintained or picked deliberately.

Good-GH-specific predictions were based on evidence of the exis-
tence of specific pre- and proscriptive gender stereotypes (e.g., Bosson
et al., 2022; Koenig, 2018; Prentice & Carranza, 2002; Rudman, Moss-
Racusin, Phelan, & Nauts, 2012). Predictions for the Eman-GH were
mainly informed by Diekman and Eagly (2000), who assessed partici-
pants’ beliefs about gender stereotypes in the future (2050 CE). Results

indicated an alignment trend in stereotype content, mainly driven by
females assumed to acquire male traits. This study is not ideal, as it
merely measured descriptive stereotypes and reported various effects.
Nonetheless, we used it for broad orientation. Still, together with cross-
cultural, favorable opinions toward a more gender-equal society
(International Women’s Day, 2019: Global Attitudes toward Gender
Equality, 2019), and the more utopian vision of so-called "postgender-
ism" (Hughes & Dvorsky, 2008, p. 2), the Eman-GH predicts an align-
ment of features.

Predictions of the Eman-GH are meant as counterparts to the Good-
GH and must be understood relative to the identified stereotypes and
gender comparisons. Extrapolating the propositions of Diekman and

Table 1
Predictions.

Predictions under:

Good-Gender Hypothesis (Good-GH) Emancipating-Gender Hypothesis (Eman-GH)
Predicted
differences

Change Example evidence Predicted
differences

Change Example evidence

Gender
distribution

No preference Balanced preference for boys
and girls in Germany (Carol &
Hank, 2020)

No preference Balanced preference for boys and
girls in Germany (Carol & Hank,
2020)

Money spent on all
features

No
prediction

– Too little variation in cost;
inconclusive evidence
regarding gender-dependent
spending behavior and
limited generalizability to the
given context

No
prediction

– Too little variation in cost;
inconclusive evidence regarding
gender-dependent spending
behavior and limited
generalizability to the given
context

Appearance Not in focus due to limited manipulation possibilities
Predispositions Females >

Males
Males are more
likely to be
relieved of
predispositions

Parental dogma of being a
good parent (Working
hypothesis A1), but also male
proscription not to be weak (
Prentice & Carranza, 2002)

No difference Parental dogma of being a good
parent (Working hypothesis A1)

Personality Sensibility Females >

Males
Female values
increased, male
values reduced

Male proscription/ female
prescription to be emotional
(e.g., Rudman, Moss-Racusin,
Phelan, & Nauts, 2012)

Females =

Males
Female values
reduced, no
increase for
males

Alignment of female and male
stereotypes by attuning females
to male stereotypes (Diekman &
Eagly, 2000)

Sociality Females <

Males
No change in
female values,
increase in males

Agency prescribed for males,
no female proscription per se
(e.g., Bosson et al., 2022)

Females =

Males
More increase
for females,
male values
maintained

Alignment of female and male
stereotypes by attuning females
to male stereotypes (Diekman &
Eagly, 2000)

Openness No prediction for both No differences in desirability
found (Prentice & Carranza,
2002)

No prediction for both No differences in desirability
found (Prentice & Carranza,
2002)

Agreeableness Females >

Males
Female values
increased, male
values reduced

Communality prescriptive for
females (Bosson et al., 2022),
males get punished for being
overly agreeable (Judge et al.,
2012)

Females
>/= Males

Reduction for
females and an
increase for
males

Alignment of female and male
stereotypes by attuning females
to male stereotypes (Diekman &
Eagly, 2000), but also status
neutral and thus possibly less
important (Rudman, Moss-
Racusin, Phelan, & Nauts, 2012)

Conscientiousness Females <

Males
Female values
maintained,
increase for male
values

Facets linked to traits
prescribed for males, not
proscribed for females (
Prentice & Carranza, 2002)

Females =

Males
Increase for
females, no
overly decrease
for males

Alignment of female and male
stereotypes by attuning females
to male stereotypes (Diekman &
Eagly, 2000)

Talents Intelligence Females <

Males
Female values
maintained,
increase for male
values

Male prescription to be
intelligent, no female
proscription (Koenig, 2018)

Females =

Males
Increase for
females and
males

Alignment of female and male
stereotypes by attuning females
to male stereotypes (Diekman &
Eagly, 2000)

Sportiness Females <

Males
Female values
maintained,
increase for male
values

Male prescription, no female
proscription (Prentice &
Carranza, 2002)

Females =

Males
Female values
increased, less
importance for
males

Alignment of female and male
stereotypes by attuning females
to male stereotypes (Diekman &
Eagly, 2000)

Creativity Difference
exists

No prediction Creativity less important for
males than females (Prentice
& Carranza, 2002) but
associated with male-
prescribed agency (Proudfoot
et al., 2015)

No difference Alignment of female and male
stereotypes by attuning females
to male stereotypes (Diekman &
Eagly, 2000) but unclear
stereotype direction.

Musicality No prediction for both Musical ability linked to
being psychologically
androgynous (Kemp, 1985)

No prediction for both Musical ability linked to being
psychologically androgynous (
Kemp, 1985)

Note. Example reference denotes one or two references that informed our prediction-building process. A comprehensive discussion of how predictions were justified
can be found in the supplement.
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Eagly (2000) about female stereotypes aligning with male ones and not
vice versa,we propose the following exemplary mechanism: If the Good-
GH predicts higher male values for sociality, driven by a one-sided in-
crease due to the respective prescription, the Eman-GH predicts that a
balance is driven by an attunement of female values to a level formerly
only desirable for males. Eman-GH-related effects on the decision to
increase or decrease a feature must be seen in the context of change and
range of change. A higher likelihood to increase a feature does not tell us
anything about the manifested level of featureC. Hence, we must also
consider the final designed values. Here, the Eman-GH predicts their
manifestation in a way that counteracts stereotypes, while the Good-GH
predicts their maintenance.

People may design their children in a way that does not endorse
stereotypes yet reverts their content (e.g., more sensible males instead of
equal levels). If results disconfirm the predictions of the Good-GH, this is
not necessarily evidence of the Eman-GH.

5. Data analysis

We used the brms (Bürkner, 2017) package for R to calculate
Bayesian regression models. Models ran for four chains with 10,000 it-
erations each (5000 warmup draws). Priors for predictor coefficients
were uniformly set to be N(0,1). Other settings retained the brms
default.

For each personality and talent variable, we proceeded as follows:
Employing multinomial logistic regression, we first modeled whether

the chosen value differed from the randomly assigned one and in which
direction the change occurred (Decreased/No Change/Increased).
Chosen gender and featureN value were set as predictors. To control for
budgeting effects, we included the proportion of money available on the
respective screen as an additional predictor. To test possible differences,
we also modeled interaction terms between the chosen gender and the
other predictors.

The number of disease predispositions was modeled using an ordered
logistic regression with the number of natural dispositions, the propor-
tion of money available, and their interactions with chosen gender as
predictors. Using logistic regression, we also modeled the decision to
change a predisposition. Predictors were whether the disposition was
present, proportion of money available, and the interactions with chosen
gender.

Visual inspection of the data revealed that feature distribution did
not follow a normal distribution but showed evident density bumps at
the extrema (Supplement). To assess the range of change and eventually
test for evidence of the dominance of one of the proposed strategies, we
employed zero-one-inflated beta regression (ZOIB) to predict featureC
and the proportion of money spent. Instead of just a measure of central
tendency, this method allows for modeling the entire distribution of the
outcome (Heiss, 2021; Kneib et al., 2023). This method also accounts for
0 s and 1 s in the data by assuming that these values do not stem from
beta but from two additional logistic distributions. That way, ZOIB
combines three statistical models: one beta regression and two logistic
regressions. Each model consists of the shape parameter of the beta

Fig. 1. Sequence of exhibit screens with additional information. Picture of the exhibit copyright: Deutsches Museum Nürnberg, Christian Illing.
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distribution (Mean: μ – logit scale; Precision: φ – log scale) and values
that describe the zero-one-inflation (zoi: logit scale; coi; logit scale). We
can use the latter two to estimate the proportion of zero-one-inflated
values (zoi; 0|1

All ;), the conditional proportion of these values being one
(coi; 1

0|1 ) and the percentage of 0
All or 1

All. For a detailed explanation, we
refer to two highly educative blog posts that served as primary in-
struction for this method and our explanation here (see Heiss, 2021;
Vuorre, 2019). To suit the outcome to the beta regression, we rescaled
featureC values from −1 - +1 to 0–1. For interpretability, we reverted the
rescaling to the values displayed at the exhibit. Because people paid for
change, not range of change, assessing featureC, genderC was the single
predictor for each parameter (μ, φ, zoi & coi).

Although one could interpret not changing featureN as a legitimate
expression of a desired value, including this data would mean intro-
ducing purely random and computational variance to the FeatureC.
Moreover, detailed insights into the visitors’ decision-making process
are impossible. Thus, we do not know if the decision to maintain fea-
tureN stems from not caring about this feature, inattention, or satisfac-
tion. Hence, single ZOIB models for the five personality traits and four
talents used only data from children whose features were modified and
thus created more “actively” (Table 2). These values will be called
designed values.

For the multinomial regression and ZOIB models, children with no
money left when entering the respective screen were excluded (n = 20
for talents, n = 0 for all other screens).

Figs. 2 to 7 show the graphical analysis of the expected value of the
posterior predictive distribution and the predictors’ resulting average
marginal component effect (see Heiss, 2023; McElreath, 2020). These
distributions are created by building a counterfactual dataset with selected
predictor values, feeding it into the fitted model, drawing from the
resulting posterior, and then calculating the average of these draws (Heiss,
2022). This was done by the functions epred_draws and compare_levels from
the R-package tidybayes (Kay, 2023). The latter calculates marginal effects
by subtracting the averaged posterior draws of each group.

6. Results

Analysis of variance showed that neither initially assigned person-
ality values nor talent values differed across GenderC or GenderN (all p’s
≥ 0.16/0.25 – see Supplement).

6.1. Gender distribution

GenderC is displayed in Fig. 1 and Table 3. Deviating from our pre-
dictions, visitors displayed a preference for female children (Final
gender: 47.2 % male, 52.8 % female), χ2(1) = 42.45, p < 0.001.
Considering the uniform distribution of genderN (49.3 % rM, 50.7 % rF),
χ2(1) = 2.73, p = 0.098, this difference was due to an imbalance within
the 6576 (48.2 %) children whose gender has been deliberately chosen.
(44.95 % M, 55.05 % F, χ2(1) = 67.04, p< 0.001). To determine the role
of initiated gender on gender change, we ran a Bayesian logistic
regression. The predictor was GenderN, prior: N(0,1). GenderN = rM
predicted a change of gender, i.e., a deliberately chosen female child
(OR = 1.30, Credible Interval95% (CI): 1.20–1.41, probability of direc-
tion (pd) = 100 %).7

As visible in Table 3, some visitors picked the final gender their baby
was already initiated with. The child’s gender was displayed by a plush
toy lion, either with a typical male mane (male) or without (female). The
mane disappeared when visitors switched gender, which rendered the
meaning of the toy visible. Still, this depiction may have led to confusion

and identification difficulties. Visitors may not have understood that
their choice was obsolete. Visitors may also have wrongfully assumed
that the gender will be reassigned after the screen. In that case, selecting
F while being assigned rF may display a safety strategy to ensure gender
preference.

6.2. Disease predispositions and spent money

Results are shown in detail in the supplement. Having a predisposi-
tion was the best predictor for the decision to change (remove) it. For all
gender, these effects were the strongest for diseases that may be
commonly associated with severity, like cancer, cystic fibrosis, and tri-
somy. Across all diseases, M children were more likely to be given a
predisposition than their F counterparts. This and other findings do not
support the Good-GH, which predicts that males are more likely to be
relieved of their predispositions due to proscribed weakness (see Pren-
tice & Carranza, 2002).

6.3. Personality traits and talents

Fig. 2 shows the results of the multinomial logistic regression on
decision probability for personality traits and talent values. Fig. 3 and
Fig. 4 show the respective marginal effects. These figures allow us to
assess the presence and strength of pro- and prescriptions. Fig. 5 and
Fig. 6 show the expected differences in the posterior predictive distri-
bution as predicted by the Zero-one-inflated beta regression. Fig. 7
shows the expected total proportion of extreme values. These figures are
meant to display the strength of stereotypes and relative gender effects.
More detailed information on all regression coefficients and figures in
large resolution can be found in the supplement or the OSF. Our models
reveal an effect of the chosen gender on decision probability and
designed feature values. The direction, strength, and certainty of effects
shifted along the lines of the gender selection process and feature.

We found a consistent negative relationship between the probability
of increasing a feature and its natural values. This was often matched by
a positive relationship between the probability of maintaining or
decreasing features and their natural values. Decision probabilities also
depended on feature and available money. Concerning the differences
among female and male children whose gender had been picked delib-
erately (DGC), differences in decision probability never fully supported
the Good-GH’s predictions, except for sportiness. Within this group and
other features, we, nonetheless, found evidence for the predicted pro-
scriptive male decrease but not the female prescriptive increase (e.g.,
sensibility, agreeableness). Predictions of the Eman-GH were also never
fully supported among the DGC. If at all, values of F children were more
likely to be maintained rather than increased (except for creativity,
musicality, and, to some extent intelligence). The inconclusive and
relatively uncertain differences among the DGC within the decision to
manipulate intelligence and conscientiousness partially contradict the
predictions of both hypotheses. Decision differences between randomly
gendered children (RGC) were far less pronounced but failed to support
one hypothesis comprehensively. Not evident differences in the decision
probability to manipulate intelligence are in line with the prediction of
the Eman-GH, while some of the effects concerning sensibility manip-
ulation cautiously point toward the direction of the Good-GH.

When comparing DGC children with their RGC-opposite-gender-
counterpart, an effect of available money on the decision to maintain
and increase a value became evident. At higher budgets the DGC values
were more likely to be increased. This difference shifted when fewer
resources were available. This suggests that not spending money on
gender is correlated with other factors (e.g., inattention, general
frugality) that yield fewer changes.

With respect to the expected differences in designed values, differ-
ences among the DGC supported the Good-GH concerning sportiness,
creativity, sensibility, and, to a certain extent, agreeableness. No evident
differences between DGC in sociality, conscientiousness, and, to some

7 Probability of direction (pd) refers to the proportion of the coefficients
posterior sharing the same algebraic sign as the median (Makowski, Ben-
Shachar, Chen, & Lüdecke, 2019).
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extent, intelligence falsified the Good-GH and supported the predictions
of the Eman-GH. Interestingly, differences within these features among
the RGC and between rF and M children leaned toward the Good-GH.
Some designed differences among RGC contradicted the Good-GH and
seemed to support (sportiness) or contradict (agreeableness) the Eman-
GH.

Concerning extreme values, visitors preferred feature maximization

over minimization. Chosen gender again modulated these effects. The
highest proportion of extreme values, in general, and minimized and
maximized ones, in particular, were often found in M children.

6.4. Assessing evidence

Even the most certain differences in designed values were arguably

Table 2
Number and percentage of children whose values were changed.

Female (3620) Male (2956) Random female (3581) Random male (3484) n in ZOIB

Personality Agreeableness 2458 (67.90 %) 2134 (72.19 %) 2162 (60.37 %) 2112 (60.62 %) 8866
Conscientiousness 2595 (71.69 %) 2231 (75.47 %) 2325 (64.93 %) 2218 (63.66 %) 9369
Openness 2646 (73.09 %) 2262 (76.52 %) 2316 (64.67 %) 2260 (64.87 %) 9484
Sensibility 2267 (62.62 %) 1983 (67.08 %) 1973 (55.10 %) 1936 (55.57 %) 8159
Sociality 2574 (71.10 %) 2265 (76.62 %) 2245 (62.69 %) 2199 (63.12 %) 9283

Talents Creativity 2747 (75.88 %) 2261 (76.49 %) 2465 (68.84 %) 2476 (71.07 %) 9949
Intelligence 2865 (79.14 %) 2394 (80.99 %) 2762 (77.13 %) 2716 (77.96 %) 10,737
Musicality 2475 (68.37 %) 2088 (70.64 %) 2216 (61.88 %) 2204 (63.26 %) 8983
Sportiness 2780 (76.80 %) 2403 (81.29 %) 2520 (70.37 %) 2505 (71.90 %) 10,208

Note. ZOIB models that predicted differences between chosen personality and talent values only used children whose values were changed (n in ZOIB). Percentages
refer to proportions within the gender group. ZOIB = Zero-one-inflated beta regression. Number behind gender refers to total number in data.

Fig. 2. Decision probability for personality traits and talents. X-axis is the natural value as randomly initiated by the exhibit. Y-axis is probability. Each colored
lineribbon refers to the probability curve of the change direction (Median and 95 % credible interval). Horizontal wrappers are the chosen gender, vertical ones are
exemplary proportions of money on the screen. Their values were chosen based on the data’s predictor range and frequency. Model coefficients and the figure in large
resolution are on the OSF. Panels indicate features.
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small. To better understand their meaningfulness, Bayes factors (BF)
were calculated to assess evidence for a) any difference and b) predicted
direction of the Good-GH over distributions that assumed no differences.
The Eman-GH implies that the median and mean of the difference dis-
tribution is 0. However, the standard deviation of a respective distri-
bution is unclear. Using the bayestestR package (Makowski, Ben-
Shachar, & Lüdecke, 2019) and orientating at the suggested procedure
(Makowski, Ben-Shachar, Chen, & Lüdecke, 2019), BF was calculated as
follows: Employing different SD-magnitudes, we specified a so-called
Region Of Practical Equivalence (ROPE = ± 1/2 SD). This is the region
in which a difference is seen as trivial. We then calculated the ratio
between the predicted difference distributions of our models in the area
outside the ROPE and the respective area for the assumed difference
Eman-GH distribution. Therefore, a BF of 3 means that the odds that the
predicted distribution of differences contains a value outside ROPE is
three times as large as for the Eman-GH distribution of comparison (for
more detail, see Makowski, Ben-Shachar, & Lüdecke, 2019). Findings
are shown in Fig. 8, where two ROPE specifications are displayed: Either
symmetrically in every direction (evidence for any difference) or
reflecting the Good-GH prediction. Here, ROPE ranges from infinity to
one or two standard deviations in the direction of prediction. Evidence
against the Good-GH does not automatically mean evidence for the
Eman-GH. This would only be the case if the found difference is ~0 and,

direction wise, does not oppose the hypotheses predictions (e.g., F/rM
differences in intelligence).

As shown in Fig. 8, our results partially support the Good-GH.
However, the strength of the evidence is conditional on the assumed
characteristics of comparison distribution and the gender selection
process. The clearest evidence for the Good-GH among all groups is
found within sensibility, and the strongest evidence in terms of the Bayes
factor was within F/M differences in sportiness.

7. Discussion

This study analyzed data from a museum context to evaluate po-
tential strategies when designing a “perfect” child. It was hypothesized
that people who can genetically design their perfect (virtual) child do so
with benign motivations relative to present normative convictions. The
dominating behavior to eliminate genetic disease disposition supports
this working hypothesis A1 and the idea that a “perfect” child should
live a healthy, i.e., good life (see Bondas & Eriksson, 2001).

However, normative convictions also pertain to gender-related at-
tributes (Koenig, 2018). Against the consequential and action-guiding
backdrop of normative gender stereotypes, we proposed the domi-
nance of one of two main strategies. One comprises the attempt to enact
contemporary normative gender stereotypes to minimize friction and

Marginal effect of chosen gender on change decision: Personality
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Fig. 3. Marginal effects of chosen gender on decision probability for changing personality traits (see Fig. 2). Pp. = percentage points. All comparisons, the used
median, credible intervals, and additional comparisons between the same gender and the figure in large resolution can be found in the OSF. Y-axis is available money
on the screen. X-axis is the natural value as randomly initiated by the exhibit. Contours and numbers within the figure are differences in decision probability for the
decision (horizontal wrapper). Comparisons are made so that positive numbers (reddish) indicate a higher probability for F or rF children compared to M/rM
children, while blueish contours and negative numbers indicate higher probabilities for M/rM children. For each predictor combination, several samples were drawn
from the posterior. These were aggregated and examined whether the 95 % credible inverval contains zero. If not, this predictor combination is marked by a dot. This
is a more conservative way to assess certainty because all other possible intervals are treated similarly although they express a different degree of certainty. Panels
indicate features.
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potential negative consequences for their child (see Rudman, Moss-
Racusin, Glick, & Phelan, 2012). This adapts one’s child directly to
the environment and creates “good boys/girls” (Good-Gender Hypoth-
esis - Good-GH). Drawing on a study by Diekman and Eagly (2000) that
showed that gender stereotypes of males and females are predicted to
align in an egalitarian way and the idea that biotechnology can ease
oppressive gender relations (Hughes & Dvorsky, 2008), we also sug-
gested that people may try to adapt the environment through an adap-
tation of their children into a more gender egalitarian direction
(Emancipating-Gender Hypothesis – Eman-GH). Although we could not
assess visitors’ motivation directly, their design behavior led to data
patterns that partially aligned with both hypotheses’ predictions. Thus,
our findings suggest that people may at least partially orient on a present
gender-related value structure when designing their perfect child. Evi-
dence that differed across features was dependent on the gender

selection process, i.e., designing the child deliberately as Male/Female
(DGC: M/F) or maintaining the randomly assigned gender (RGC:
random Male/random Female — rM/rF). However, ambiguous effects
hinder a decisive interpretation. The following discussion will focus on
those findings that allow for a clearer interpretation and on differences
between children whose gender has been picked deliberately. This is not
meant to withhold equivocalities but to provide the first step for future
research in more controlled settings.

While possible values for all features ranged from −1 to 1, expected
values across all features grouped at the positive side of the scale.
Relative to the largest differences possible (± 2), marginal effects were
small. This is not an inevitable contradiction since the Good-GH and
Eman-GH predict relative rather than absolute differences. Moreover,
people paid for change and not for range. Hence, there was no economic
reason not to maximize a specific value. This supports the

Marginal effect of chosen gender on change decision: Talents

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2

0

2

0

2

0

2

0

2

0

2

0

2

0

2

0

2

0

2

0

2

0

2

0

2

0

2

0

2

0

2

0

2

F - M F - rM rF - M rF - rM

Increased
No change

Decreased

-0.4 -0.2 0 0.2 0.4-0.4 -0.2 0 0.2 0.4-0.4 -0.2 0 0.2 0.4-0.4 -0.2 0 0.2 0.4

16%

32%

48%

64%

80%

96%

16%

32%

48%

64%

80%

96%

16%

32%

48%

64%

80%

96%

Natural intelligence

IntelligenceA

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-4

-2

-2

-2
0

2

-2
0

2

-2
0

2

-2
0

2

-2
0

2

-2
0

2

-2
0

2

-2
0

2

-2
0

2

-2
0

2

-2
0

2

-2
0

2

-2
0

2

-2
0

2

-2
0

2

-2
0

2

-2
0

2
-2

0

0

2

-2

0

0

2

-2

0

0

2

-2

0

0

2

-2

0

0

2

-2

0

0

2

-2

0

0

2

-2

0

0

2

-2

0

0

2

-2

0

0

2

-2

0

0

2

-2

0

0

2

-2

0

0

2

-2

0

0

2

-2

0

0

2

-2

0

0

2

-2

0

0

2

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

F - M F - rM rF - M rF - rM

Increased
No change

Decreased

-0.4 -0.2 0 0.2 0.4-0.4 -0.2 0 0.2 0.4-0.4 -0.2 0 0.2 0.4-0.4 -0.2 0 0.2 0.4

16%

32%

48%

64%

80%

96%

16%

32%

48%

64%

80%

96%

16%

32%

48%

64%

80%

96%

Natural sportiness

SportinessB

00000000000000000

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

F - M F - rM rF - M rF - rM

Increased
No change

Decreased

-0.4 -0.2 0 0.2 0.4-0.4 -0.2 0 0.2 0.4-0.4 -0.2 0 0.2 0.4-0.4 -0.2 0 0.2 0.4

16%

32%

48%

64%

80%

96%

16%

32%

48%

64%

80%

96%

16%

32%

48%

64%

80%

96%

Natural creativity

CreativityC

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

0

2

4

F - M F - rM rF - M rF - rM

Increased
No change

Decreased

-0.4 -0.2 0 0.2 0.4-0.4 -0.2 0 0.2 0.4-0.4 -0.2 0 0.2 0.4-0.4 -0.2 0 0.2 0.4

16%

32%

48%

64%

80%

96%

16%

32%

48%

64%

80%

96%

16%

32%

48%

64%

80%

96%

Natural musicality

MusicalityD

Difference
Female < Male                        Female > Male

−35 pp.−25 pp.−15 pp. −5 pp. 5 pp. 15 pp. 25 pp. 35 pp.

Y-Axis is proportion of money available and 4% is the empirical lower limit
F and M inevitably spent money for gender selection (4%), hence comparisons range to 96%
F = Female, M = Male, rM = random Male, rF = random Female
Marginal differences are median of the distribution - Dotted area: Approximation of where differences 95%CI does not include 0

Fig. 4. Marginal effects of chosen gender on decision probability for changing talents (see Fig. 2). Pp. = percentage points. For all comparisons, the used median,
credible intervals, and additional comparisons between the same gender and the figure in large resolution can be found in the OSF. Y-axis is available money on the
screen. X-axis is the natural value as randomly initiated by the exhibit. Contours and numbers within the figure are differences in decision probability for the decision
(horizontal wrapper). Comparisons are made so that positive numbers (reddish) indicate a higher probability for F or rF children compared to M/rM children, while
blueish contours and negative numbers indicate higher probabilities for M/rM children. For each predictor combination, several samples were drawn from the
posterior. These were aggregated and examined as to whether the 95 % credible inverval contains zero. If not, this predictor combination is marked by a dot. This is a
more conservative way to assess certainty because all other possible intervals are treated similarly although they express a different degree of certainty. Panels
indicate features.
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meaningfulness of identifiable differences.
Greater differences were found concerning the proportion of extreme

M and F values. For instance, within designed creativity and intelli-
gence, M children’s values surpassed F ones by around ten and twelve
percentage points, respectively. As noted by one of the anonymous peer-
reviewers, this aligns with the so-called variability hypothesis. The basic
idea is that the distribution of psychological characteristics among males
tends to be more diverse and potentially more extreme than among fe-
males (Shields, 1982). Meta-analyses found no conclusive or strong
evidence for the hypothesis concerning general creativity (Taylor et al.,
2024) and intelligence (Giofrè et al., 2022). If proven effective, genetic
engineering could influence any feature distribution and create a hy-
pothesized effect that nature could not provide.

7.1. Personality: Sensibility

As predicted by the Good-GH, M children’s sensibility was more
likely to be decreased than those of F counterparts. However, opposing
our predictions, F values were likelier to be maintained and not likelier

to be increased. Nonetheless, we attribute these differences to the pre-
scription for females to express emotions and be compassionate and the
proscription for males to be emotional (e.g., Koenig, 2018; Prentice &
Carranza, 2002). Consistent with general findings (e.g., Koenig, 2018),
the male proscription seemed stronger than the female prescriptions.
Sensibility was the only feature in which all gender differences among
designed values pointed toward the predicted direction and thus pro-
vided clear support for the Good-GH.

Designed and maximized values of sensibility were the lowest of all
features. This hints toward a specific devaluation of associated qualities.
However, this and the findings on gender-specific effects do not mean
that sensibility, in general, is seen as unfavorable (see Prentice & Car-
ranza, 2002). While a rise in sensibilityN consistently increased the
probability of decreasing it, low natural values also predicted an in-
crease. Note that similar to gender (A. E. Martin & Mason, 2022),
showing emotions is a critical aspect of being seen as human (Phillips,
2022). This may support the parental dogma hypothesis of creating
favorable outcomes for their child. An overly accentuated sensibility
may render the child more emotionally vulnerable, while

Personality: Marginal effects of gender on expected posterior values and their extreme values
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Fig. 5. X-Axis in panel A – J: Comparisons, each structured so that blueish color indicates higher values for M/rM children and reddish ones indicate higher values for
F/rF children. X-axis in panels K – L refers to chosen gender. Panels entitled “Differences: [Feature]” are the marginal differences in expected posterior value across
gender. Values underlying these comparisons are seen in panel K. Panels entitled “Differences: Extrema [Feature]” are marginal differences in the proportion of
extreme values (Green) and conditional proportion of extreme positive ones (pink, see also panel L). All distributions show the median (dot and label in panel A - J)
and 80/95 % credible intervals (thick and thin line). See the OSF for detailed comparisons and the large-resolution figure. Model coefficients are in the supplement.
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Talents: Marginal effects of gender on expected posterior values and their extreme values
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Fig. 6. X-Axis in panel A – H: Comparisons, each structured so that blueish color indicates higher values for M/rM children and reddish ones indicate higher values
for F/rF children. X-axis in panels I – J refers to chosen gender. Panels entitled “Differences: [Feature]” are the marginal differences in expected posterior value across
gender. Values underlying these comparisons are seen in panel I. Panels entitled “Differences: Extrema [Feature]” are marginal differences in the proportion of
extreme values (Green) and conditional proportion of extreme positive ones (pink, see also panel J). All distributions show the median (dot and label in panel A - H)
and 80/95 % credible intervals (thick and thin line). See the OSF for detailed comparisons and the large-resolution figure. Model coefficients are in the supplement.
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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underdeveloped emotional capabilities may deprive the child of valu-
able experiences. Despite the many children with extreme values, the
general understanding of personality traits may be positive. Still,
extreme expression may be associated with more clinical phenomena
like personality disorders or accentuations and are thus incompatible
with a “perfect” child.

However, previous research showed that people see emotional ca-
pabilities as a key component of personal identity and are less willing to
manipulate identity-constituting features within themselves or their
child (Riis et al., 2008; Wagner et al., 2018). This could explain why

sensibility was the trait least likely to be changed.

7.2. Personality: Sociality

We linked sociality to extraversion, agency, and the normative ex-
pectations for males to showcase assertiveness, dominance, no shyness,
independence, and general agency (Bosson et al., 2022; Doey et al.,
2014; Koenig, 2018; Rudman, Moss-Racusin, Phelan, & Nauts, 2012).
Still, comparisons among DGC suggested little to no differences. Con-
ditional marginal effects on decision probability partially supported a
male prescription but also yielded ambiguous results inconsistent with
our predictions. Found evidence favoring the Good-GH may be due to
the assumed properties of the comparison distribution rather than
meaningful differences. Assuming no differences aligns with what is
expected under the Eman-GH and may clarify findings by Prentice and
Carranza (2002), who found no gender-specific desirability differences
in showing extroversion.

Apart from supporting the Eman-GH, non-evident differences among
the DGC may be explained by an ambiguous understanding of “social-
ity.” When formulating our predictions, we acknowledged that traits
associated with this term could be similarly desired for males and fe-
males. However, we decided that the link to agency justifies assuming a
male prescription (Supplement). Yet, psychometric facets of extraver-
sion are named warmth and positive emotions (Costa Jr. & McCrae, 1992),
qualities that can be linked to female prescriptions concerning display-
ing warmth, wholesomeness, and cheerfulness (Prentice & Carranza,
2002). Moreover, being overly social could undermine the male pre-
scription of assertiveness. This would render decreasing male sociality
values a sufficient strategy under the Good-GH. This would also explain

Table 3
Overview of frequency of natural and chosen gender.

Natural gender

Random
female

Random male Overall

(n = 6917) (n = 6724) (N = 13,641)

Chosen gender
Female 1823 (26.4 %) 1797 (26.7 %) 3620 (26.5 %)
Random female 3581 (51.8 %) 0 (0 %) 3581 (26.3 %)
Male 1513 (21.9 %) 1443 (21.5 %) 2956 (21.7 %)
Random male 0 (0 %) 3484 (51.8 %) 3484 (25.5 %)

Gender changed to
opposite?

Yes 1513 (21.9 %) 1797 (26.7 %) 3310 (24.3 %)
No 5404 (78.1 %) 4927 (73.3 %) 10,331 (75.7

%)

Note. If the chosen gender is random female/male, the natural gender was
maintained, and no money was spent on gender selection.
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why M children’s sociality was partially more likely to be decreased and
increased and why the proportion of extreme values is highest among M
children. More research is needed to determine how people understand
“sociality” concerning normative gender stereotypes. Subsequent results
could also clarify to what extent we may have over- or underweighted
existing stereotypes.

7.3. Personality: Openness

Building on previous findings that, for example, suggested no dif-
ferences in normative open-mindedness (Prentice & Carranza, 2002),
none of the hypotheses yielded any prediction on openness. Differences
suggest a trend toward more open F than M children, which may be
driven by a male proscription.

7.4. Personality agreeableness

Partially concurring with findings on the female prescription to be
communal (e.g., Bosson et al., 2022; Koenig, 2018), results suggest a
trend for less agreeable M children than F children. An interpretation
favoring the Good-GH is also supported by probability differences,
which indicate that among DGC, M children’s agreeableness was
conditionally more likely to be decreased. Yet, agreeableness for F
children was maintained rather than increased. Expected differences
among the RGC pointed in the opposite direction and were thus incon-
sistent with the predictions of both hypotheses.

7.5. Personality: Conscientiousness

Linking psychometric facets of conscientiousness (e.g., being
achievement focused) to male prescriptions like being ambitious (see
Costa Jr. & McCrae, 1992; Rudman, Moss-Racusin, Phelan, & Nauts,
2012), our models found little evidence for the predicted male increase.
Although we also found no conclusive evidence for the Eman-GH pre-
diction that female values will be increased, the non-existing F/M dif-
ferences may support the idea that female mental profiles approximate
male ones (see Diekman & Eagly, 2000). However, all other gender
differences seemed to support the Good-GH.

7.6. Talents: Intelligence

Only differences in designed values among the rF and rM supported
the Good-GH’s prediction that males ought to be more intelligent (e.g.,
Koenig, 2018). Found differences in decision probability and expected
differences among DRC counteract the Good-GH and partially supported
the Eman-GH.

Concerning intelligence, models yielded the greatest proportion of
maximized children and the highest predicted values. Intelligence is
often implicitly and explicitly linked to achievement and performative
excellence, so associated skills are highly desirable in Western societies
(Cocodia, 2014; Sternberg & Grigorenko, 2004). Although less pre-
scriptive for females, it is desired for all gender (Prentice & Carranza,
2002). Thus, high designed intelligence may reflect Savulescu’s (2001)
proposition that this feature is pivotally beneficial for future children
and human well-being. Nonetheless, there were some gender differ-
ences. M children showed the highest absolute proportion of maximized
and minimized children. Possibly, visitors found amusement in creating
a not-very-intelligent child. But it remains unclear why this was more
pronounced for M than F children.

7.7. Talents: Sportiness

Besides the found evidence within designed values and decision
probability for the Good-GH among DGC, Sportiness was the only
feature where extreme M children were likelier to have maximized
values than F ones. Moreover, expected sportiness values and the total

proportion of maximized children among M matched the respective
intelligence values. M children were the only group where sportiness
and not intelligence was the most modified feature. Alongside effects in
sensibility, differences in sportiness among the DGC provided the
strongest evidence for the Good-GH. The stereotype of highly valued
male and moderately valued female athleticism (Prentice & Carranza,
2002) is enforced.

7.8. Talents: Creativity

Probably driven by the decision to rather decrease M children’s
creativityN and increase the values of F counterparts, the latter children
were designed to be more creative. This aligns with the observation that
creativity is not as important for males as it is for females (Prentice &
Carranza, 2002) while challenging the notion that creativity is a male
prescription due to its connotation with traits indicating agency (see
Proudfoot et al., 2015). The DGC-related insight may be used to adjust
the prediction of the Good-GH from unspecific differences in creativity
toward the expectation that females ought to be more creative than
males, which is driven by a mixture of pre- and proscriptions.

7.9. Talents: Musicality

Relative to other talents, musicality seemed devalued among M
children. The overall trend of decreasing this talent at higher levels was
especially pronounced for M children. Nonetheless, F children were
more likely to get an increase, contributing to the evident differences in
expected value. Neither Good-GH nor Eman-GH made any predictions
regarding musicality. Recent evidence suggests that being musical is
equally desired for men and women (Hudson & Ghani, 2024). Yet, our
findings may hint toward the presence of normative gender stereotypes
and urge further inquiry if musicality is as psychologically androgynous
as suggested (see Kemp, 1985).

7.10. Critically evaluating Eman-GH and Good-GH for future research

The setting from which we extracted our data constrains the cer-
tainty with which we can generally affirm or discard our hypotheses.
Due to ambiguous findings and differences contradicting both hypoth-
eses, we now critically revisit our predictions and modeling choices and
make suggestions for future research in more controlled settings.

Since our findings are limited in mapping individual motivation,
explanations and motivational concerns other than those suggested by
the Good-GH and Eman-GH must be considered. Our working hypoth-
esis A1 should be a good starting point for deriving gender-unrelated
normative reference frames that can influence design behavior.

Assuming that differences emerged based on gender, we hypothe-
sized that our predictions would hold regardless of the gender selection
process. Yet, differences among the children whose randomly assigned
gender was retained often pointed in the opposite direction than dif-
ferences among children with deliberately chosen gender (e.g., crea-
tivity, musicality, intelligence, openness). The former differences were
often more uncertain, less pronounced but sometimes supported an
opposite hypothesis. Files on the OSF feature marginal effects between
M and rM as well as F and rF. Found differences within the same final
gender suggest that the gender selection process played a greater role
than initially hypothesized and emphasize the need for further research
concerning the salience of gender in the design process.

The deliberate choice for one over the other gender prevents iden-
tification difficulties and may render associated stereotypes more
available. From a Good-GH perspective, this may explain why gender
differences were more pronounced among DGC than RGCs. One could
further argue that the deliberate decision for one gender indicates a
particular emphasis on gender in general. In this case, the following
design process may orient more toward a gender-specific value structure
than if gender is randomly assigned. Recall how desired child qualities
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can shift after sex revelation (Imhoff & Hoffmann, 2023). This may
suggest that people who opted for deliberate gender choice may design a
perfect gendered child. In contrast, people who retain the random
assignment may be more concerned about a perfect child regardless of
gender. However, although differences among RGC were small and
sometimes relatively uncertain, they often tended toward higher values
for rM children. Future study settings could address this issue by shifting
the gender selection process to the end of the procedure or eliminating it
altogether. Additionally, information on the importance or prevalence
of stereotypes may also be manipulated.

The study by Imhoff and Hoffmann (2023) did not show a relevant
shift in mothers’ attitudes following the revelation of their child’s sex.
The authors discuss this by referring to research on gender-dependent
stereotype strength influencing the evaluation of fathers. However,
they point out that there was no interaction effect on preferred qualities
with gender attitudes in general. Nonetheless, we should contemplate
the possible influence of the visitor’s gender, age, and psychometric
traits (e.g., essentialistic beliefs, self-concept, stereotype endorsement,
attitudes toward genetic engineering, and personality). Since we have
no information about the visitors, we cannot confirm whether personal
characteristics yielded more pronounced enforcement or dismantling of
stereotypes. Hence, we must postpone any related inquiry to future
research.

One anonymous peer-reviewer noted that the initial instruction to
“Create your perfect child!” could have been understood as a request for
designing a perfect child in terms of what is generally and not individ-
ually associated with this term. However, a task-reminding question
heading all screens of the exhibit read: “What would your perfect child
look like?” [“Wie sieht dein Wunschkind aus?”]. The German word
“Wunschkind” can be translated as “wished-for-child” and has a strong
individual connotation. When designing a general “perfect” child, values
should align with whatever feature expression is generally desired. This
may yield no differences and thus yield results as predicted by the Eman-
GH. Even if stereotypes conjoin both reference frames, future study
designs may explicitly vary individualization of the instruction (e.g.,
personal, societal, other’s “perfect” child). Here, one could also
manipulate information about the expected societal and evolutionary
consequences of one’s decision. This could elucidate what societal costs
people are willing to bear to ensure the benefit of their child and clarify
the moral intricacies of our hypotheses. Researchers could vary the type
of cost, e.g., highlighting a maladaptive effect upon genetic or social
diversity. To investigate the scope people consider in their decision-
making process, consequences may be communicated to occur differ-
ently on various scales, such as family, country, or humanity as a whole.
Besides focusing on the decisions within the design process, the decision
to conduct or reject genetic engineering should also be in focus. The
motivations mentioned are likely to influence both decisions.

Abstracting from the concrete motivation of the visitors, we must
critically ask if the notion of a gender-egalitarian future propagated by
the Eman-GH manifests in the decision to nullify any differences. This
inquiry should also question the assumed mechanisms regarding deci-
sion probability and the idea that females align with males (see Diekman
& Eagly, 2000). We must also ask if desiring or anticipating a “post-
gender future” (Hughes & Dvorsky, 2008) is so prevalent that it can
outweigh other design strategies. We suggested that traits that are linked
to the current gender hierarchy, i.e., those related to agency and high
status (Rudman, Moss-Racusin, Glick, & Phelan, 2012; Rudman, Moss-
Racusin, Phelan, & Nauts, 2012) may be an important target for
manipulation following the Eman-GH. The uncertain differences in so-
ciality, intelligence, and conscientiousness among DGC support this
idea. This interpretation demands further inquiry and is challenged by
the finding that among RGC, differences in intelligence and conscien-
tiousness support the Good-GH. These differences also contradict the
interpretation that among RGC, Eman-GH-associated processes are at
work, while DGC children are designed in closer accordance with what
the Good-GH. Future research could explicitly prime participants with a

related goal (maintaining or overcoming stereotypes) and investigate
the design outcomes. Reflecting the reality of gender, additional varia-
tions could inform people that their child’s gender identity may not
match the one assigned at birth or will be interpreted fluently by their
offspring during different phases of their life. In line with previous
findings (e.g., C. L. Martin, Andrews, et al., 2017), designers may also be
informed about the potential benefits of a less strict interpretation of
gender identity.

Effect sizes by Koenig (2018) suggest that the female prescription for
communality is stronger than the male proscriptions to be emotional or
showcase weakness. However, our findings provide more evidence for
the enforcement of the latter. This is more in line with recent evidence
that acting according to existing pre- and proscriptions is seen as more
important for males than females (Bosson et al., 2022). Another possible
explanation could be that the wording of the exhibit suggested a strong
association between sensibility and traits that are proscriptive for males,
while features like agreeableness may not have been directly linked to
the female communality prescription. This comprehension-hypothesis
could also explain the strong differences in sportiness but fails to ac-
count for the non-existing differences in intelligence. Because we were
not involved in the exhibit’s programming, we had to attune our pre-
dictions to the pre-defined setting instead of tailoring the study setting to
our hypotheses in the most effective way. Even if the hypotheses’ gen-
eral mechanisms are untouched by this, description and selection of
manipulatable features in future research should orient heavily on the
existing literature to ensure that they match the common understanding
of what is expected by males and females. Related efforts should also
explore domains that we could not address. Given their relative strength
and emphasis on the female body shape (Koenig, 2018), normative ex-
pectations regarding gendered appearance should be put in focus. This
would allow us to compare designed children with prevailing beauty
stereotypes (see Little, 1998).

Apart from group differences, gender and feature-related variation in
stereotype strength and importance (Koenig, 2018; Prentice & Carranza,
2002) may have influenced feature manifestation within the same
gender. For simplicity reasons and because every feature expression cost
the same, we did not consider intra-gender stereotype variation when
formulating our predictions. Interpreting designed values related to
stereotype strength, approximation of designed sportiness, and intelli-
gence in M children is in line with other studies (e.g., Hudson & Ghani,
2024; Prentice & Carranza, 2002). Although theoretically and method-
ologically defensible, not including data from people who retained
natural value when comparing differences may have resulted in some
nuances in the data not being considered. Hypotheses were tested on a
macro-scale, which may neglect micro-scale effects. Future research
should focus on identifying and comparing sub-groups within children.
This may be done using clustering methods like latent profile analysis.
Another possibility that would also address stereotype strength would be
employing methods that model the feature variance within single chil-
dren. This way, we could get a more individualized understanding and
address the suggested benefits of modest stereotype divergences
(Prentice & Carranza, 2002) and psychological androgyny (C. L. Martin,
Cook, & Andrews, 2017). Testing the enforcement of pre- and pro-
scriptions may be easier if values are pre-set instead of randomly
assigned.

Our suggestions could be addressed in quantitative and qualitative
studies. Besides an empirical approach, scholars and the public should
comprehensively discuss the potential societal impacts of the Good-GH
and Eman-GH. Even if concluding that the phenomena we discussed
here are technologically infeasible, this can create insights into how
social conventions manifest into physical reality and elucidate the
desirability of such processes.

8. Limitations

The most evident limitation is the absence of any information (e.g.,
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socio-demographic data, psychometrical, attention checks) about the
visitors who engaged with the exhibit. The exhibit was not designed as a
psychological experiment. Owing to the ecological setting, we neither
know if every child is linked to exactly one visitor nor the average
number of children single visitors created. The gamified characteristic of
the exhibit in the museum may be a double-edged sword. It inclines
engagement but can lead to a shallower, non-earnest, or inattentive
engagement with the exhibit. Being primarily fun-orientated or wanting
to explore multiple design possibilities are additional factors that may
have influenced how people engaged with the exhibit.

The exhibit’s programming may not be aligned with how humans
make decisions or how economic choices commonly occur (e.g., paying
for change, not range of change). Preselection of traits and talents may
have influenced how normative stereotypes could be expressed and
hindered the certainty of formulated predictions. Effects were often
small and ambiguous. Even if predictions did not reflect the found role of
the gender selection process, we consider this particular falsification of
our hypotheses as an important insight for future research.

There may be various sources of selection bias concerning the
composition of people who interact with the exhibit. Although the
museum is open to international visitors, we cannot exclude the possi-
bility of a German/Western bias. This extends to many studies we cited
when formulating our hypotheses and predictions. Still, gender stereo-
types cross-culturally align on the dimensions of prescriptive female
community and male agency (Bosson et al., 2022; Kosakowska-Bere-
zecka et al., 2022). An additional source of bias concerns the socio-
demographic variables of museum visitors (e.g., Kirchberg, 1996),
which further confines generalizability.

Selection bias can also stem from local behavior within the museum.
People may not have engaged with the exhibit due to being inattentive,
distracted, uninterested, bored, and other currently unknown variables.
At the level of individual attitudes, uses other than therapeutic ones
increase the reluctance to use genetic engineering (e.g., Marteau et al.,
1995; Rabino, 2003; Scheufele et al., 2017). Those who reject the notion
of designing a perfect child and are generally skeptical of genetic engi-
neering may not appear in the data because they do not engage with or
finish the exhibit. Even if we interpret children who were not modified
as being related to such an attitude, our findings only elucidate the
prioritization process after affirming the intervention. They can neither
address the public attitude toward human genetic engineering per se nor
how this attitude is justified.

Chosen skin color was not included in our models. Given the recent
evidence on the relationship between normative gender stereotypes and
ethnicity (Hudson & Ghani, 2024), modeling a respective interaction
could explain additional variance. This also pertains to stereotype dif-
ferences based on the target’s sexual preferences, ethnicity, and gender
(Hudson & Ghani, 2024). Although the former was not communicated to
visitors, future research should explore these interactions. This could
also elucidate the role of stereotypes beyond the traditional hetero-
normative male/female boundaries.

The exhibit imposed a traditional male-female binarity of sex and
gender onto the visitors. This distinction made it possible to link and
analyze the data relative to previous research on normative gender
stereotypes but undercuts the rich psychological and medical debate on
the accuracy of this binary understanding and its genetic basis (e.g.,
Hyde et al., 2019). In contexts where gender is conceptualized as more
diverse, the generalizability of our analysis is limited. This also pertains
to the beliefs of the visitors about the accuracy of gender as binary.

9. Conclusion

We presented a comprehensive theoretical discussion on the rela-
tionship between biotechnology and action-guiding stereotypes. We
further pointed out potential consequences and behavioral strategies
that emerge from this relationship. Our results support the idea that
people will genetically engineer their children according to good

intentions. They also provide evidence for the hypothesis that genetic
engineering will be embedded into a given socio-material context in
which contemporary normative gender stereotypes influence the task of
designing a “perfect child.” Revealed evidence supports the possibility
that this may happen by strategically imposing the respective content on
offspring to minimize potential negative consequences of stereotype
violation. At the same time, findings also support the idea that people
may use transformative biotechnology to dismantle stereotypes.
Although being an initial step into a promising field, evident limitations
within the data-generating setting and the absence of psychometric data
hinder a definitive conclusion regarding these hypotheses’ extent and
precise character. Further research in more controlled settings and
additional theoretical work are needed.

The fact that some of our results could be considered controversial
underscores the importance of educational facilities like the one we
obtained the data from. Not only because people are given a learning
opportunity but also because policy decisions can be mutually informed
by the scientific analysis of data gathered within these more informal
settings. Even if discarding the widespread feasibility of targeted human
genetic engineering, our findings contribute to the present corpus on
normative gender stereotypes and elucidate their action-guiding effect.
How people would use genetic engineering provides crucial insights into
the enactment of gender and the role attributed to biotechnology in the
gendered performance.

Following the action-guiding rules of normative gender stereotypes
can self-fulfillingly lead to the empirical manifestation of their content
(Ellemers, 2018), which then solidifies the belief in the presence of some
gender “essence” (Butler, 1988). This was highlighted concerning
gender-specific adaptations of the environment (Saguy et al., 2021;
Sutfin et al., 2008), but may also apply to more controversial adapta-
tions of children. Positive correlations between self- and external ratings
with descriptive stereotypes suggest partial veracity of gender stereo-
types about personality (Löckenhoff et al., 2014). Under the presump-
tion of technological feasibility, our findings provide initial evidence
that genetic engineering of children could solidify this correlation and
extend it to other qualities. However, gender stereotypes could also be
unverified by the biotechnological alteration and societal reception of
genetic reality. In both cases, the alleged imperishable essence of our
identity is subjected to deliberate manipulation. Thus, genetic engi-
neering has the potential to technologically enforce the essentialist
notion of gender while also dismantling its foundation.
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Supplementary 
 

For better visibility, all figures are also shared at the c  

https://osf.io/5g3rf/ – DOI 10.17605/OSF.IO/5G3RF.   

Data preparation 
Sliders in the interface of the exhibit allow for percentage values without any decimal places. They 

ranged from -100% to +100%. A value of +21% on a slider should translate into a 0.21 in the dataset. 

This was not always the case. The data comprised values with more than two decimal places. To 

evaluate if any value was changed (Boolean: TRUE/FALSE), we had to compare featureN with featureC. 

However, differences after the second decimal place may yield a TRUE, but they are not displayed on 

screen and thus are not meaningful or intended by the visitor. Hence, we rounded every number to 

the second decimal place. Money spent was not originally present in the data. Knowing how much 

each modification costs, we reconstructed the amount spent by comparing each featuren with 

featurec. If there was a change, we subtracted the respective amount from the start capital. Before 

the rounding procedure, value comparison sometimes resulted in an identified “change” of < 0.01 

and, thus, a subtraction of money. This led to some visitors allegedly spending more than the initial 

€250,000, which is impossible. The correctness of the data preparation was assessed by examining if 

people spent more than the starting capital of 250k. When using the standard round function of 

Base-R, there were still some children with more money spent than possible. We identified the 

problem within the round function. The base version renders -0.185 to -0.18. Only when we rounded 

respective numbers up (-0.185 to -0.19), there was no child whose spending exceeded € 250,000. We 

used the function round2 from the package “webexercise” (Barr & DeBruine, 2023) for this operation.  
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Method  
As the uniform distribution of the random values for each feature reaches from -0.35 to +0.35 

(Personality), respectively -0.4 to + 0.4 (Talents), any value beyond can only be reached by investing 

money into change. 

The Data 
Money spend 

Each visitor starts with 250,000€ to spend virtually. Costs of each modification can be seen in Figure 1 

in the manuscript. People pay for FeatureN change, regardless of direction or range of change.  

Looks 

Hair, skin, and eye color were randomly assigned. Hex codes for the possible natural values are shown 

in Figure 1 (Manuscript). The exhibit chose between these values unconditionally and randomly. As 

displayed in the same figure, color choice was limited and oriented at “natural” human hair, eye, and 

skin color.  

Predisposition 

The exhibit tells visitors about randomly assigned disease predispositions (Figure 1 - Manuscript). If 

prevalent, visitors are told that the disease has a higher chance of manifesting. Visitors can choose to 

remove or add a disposition.  

χ²-tests showed that across chosen gender, single dispositions were equally distributed.  

• Diabetes χ²(3) = 2.09, p = 0.55 

• Cancer χ²(3) = 1.73, p = 0.63 

• Trisomy χ ²(3) = 1.38, p = 0.71 

• Cystic fibrosis χ²(3) = 0.91, p = 0.82 

• Color blindness/Achromatopsia/ χ²(3) = 2.59, p = 0.46 

• Coeliac disease χ²(3) = 1.00, p = 0.80 

χ²-tests within the chosen gender were statistically not significant. However, some borderline cases 

were present. In the case of trisomy, 51% of random Female (rF) children had the disposition χ²(1) = 
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3.2, p = 0.07, for diabetes, 52% of female (F) children had the disposition, χ²(1) = 3.47, p = 0.06. All 

other differences, p > .10.  

Predictions 

When formulating our predictions, we encountered the problem that the features in the exhibit did 

not always semantically match the terms used in the empirical research on gender stereotypes. Here, 

participants usually rate a set of terms on their gender specific desirability. We will refer to these 

terms and elaborate on their potential semantic link to the manipulatable features in the exhibit. 

When directly referring to the wording used in the studies, we will italicize the terms to make the 

association more clear.  

Gender distribution 

Research indicates variation in preferences for children’s gender across state borders and ethnicities 

(Carol & Hank, 2020; Fuse, 2010). Germans shows a slight preference for no specific gender 

distribution (Hank & Kohler, 2000, 2003). If they prefer a gender then usually in a way that yields an 

equal distribution (Hank & Kohler, 2003).  

According to the GOOD-GH, the prospect of foreseeable discrimination against one gender leads 

to the choice of the other. For instance, visitors may choose the male gender because they do not 

want their female child to deal with structural discrimination at the workplace (e.g., Stamarski & Son 

Hing, 2015) in the future, which cannot be compensated through manipulation of other features. The 

EMAN-GH is twofold here. On one hand, an equal distribution of sex is conceivable since both gender 

are subjected to prescriptive stereotypes. On the other hand, designers may identify a stronger need 

to dismantle stereotypes for one group and thus explicitly choose this gender. These contemplations 

should also influence gender preference in natural contraception. But as mentioned above, there is 

no clear preference for one gender over the other.  

Since we have no information about the visitor’s socio-demographic characteristics and do not 

know if they already have any children whose distribution could be influencing, we adopt a more 
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presumption sparse prediction for the GOOD-GH. Here, we assume that the dataset will not reveal 

any clear preferences for one over the other gender. We also do not expect any increased change 

rates, i.e., if the child is initiated being male, it will not more often be changed to be female and vice 

versa. Under EMAN-GH, gender preference may be cut both ways, depending on the identified need 

of vanguards. As both males and females are subjected to normative gender stereotypes (Bosson et 

al., 2022; Koenig, 2018; Prentice & Carranza, 2002), and both gender experience negative 

consequences for stereotype-deviating behavior (Moss-Racusin et al., 2010; Rudman, Moss-Racusin, 

Glick, et al., 2012),  gender preference may not be a fundamental issue, especially if certain traits are 

meant to be compensated. Note, however, that visitors have no information about the features they 

can influence at that point of the exhibit, except its gender. Thus, the EMAN-GH also does not assume 

gender preferences.  

Total money spend 

Is there any difference in how much families spend on boys vs. girls? Data regarding this question 

appears sparse. Kornrich and Furstenberg (2013) found that in 2006 and 2007, American parents in 

families where all children were girls spent more money on their children than those where children 

were all boys. Another study showed that while there may be some area and income-specific gender 

effects, American parents do not overall spend more money on girls than on boys (Hao & Yeung, 

2015). Arguments concerning investing in education either proclaim a focus on the gender that is 

most likely to achieve success, i.e., boys, or the need for a compensatory focus on girls (Raley & 

Bianchi, 2006). Since participants can influence a range of features, these findings may not generalize 

well to the total amount spent at the exhibit.  

Still, we may see differences in certain features and feature groups. These are tantamount to a 

gender-dependent higher change rate in this feature. There are also many different possibilities for 

spending the money. A higher amount spent means more conducted modifications but does not 

indicate the direction of the manipulation nor its range. Moreover, change of features often costs the 

same. The exact amount spent does not mean that the same features were modified.  
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We refrain from formulating any explicit hypotheses on differences in money spent depending on 

the chosen gender and will conduct any analysis in an explorative way. Reasons for that are the little 

variation in cost, including equality between features we will formulate predictions on and those who 

do not, the overall distorted financial representation, the lack of comparable findings specific to 

Germany, and the absence of any background information on the visitors. Furthermore, under the 

specific hypotheses, there are different ways to achieve one’s goal. Visitors acting according to the 

EMAN-GH and determined to preserve normative gender stereotypes could either increase sensibility 

for their female child or decrease it for males. Both manipulations would cost the same and leave no 

differentiation in money spent.  

Looks 

One could argue for a normative focus on women’s appearance (Prentice & Carranza, 2002; Rudman, 

Moss-Racusin, Phelan, et al., 2012). The exhibit, however, did only provide limited appearance 

manipulation options. While there are prescriptive stereotypes for gender-distinct appearance 

(Koenig, 2018), we are unaware of stereotypes that link, e.g., a specific eye color to a particular 

gender. Due to the limited manipulation options and more prominent normative stereotypes in the 

other parameters, we will only provide a brief descriptive overview of the look variables. 

Analyzing the data along the lines of color distribution and associated racial stereotypes is an 

interesting topic for further research but is outside the scope of this paper.  

Predispositions 

A proscription exists for males to not be weak (Prentice & Carranza, 2002; Rudman, Moss-Racusin, 

Phelan, et al., 2012). One could reasonably argue that this generalizes well to the existence of 

predispositions. These are, by definition, not assured to manifest, so not removing them cannot be 

understood as designing a child will a potentially fatal disease. Still, a somewhat cynical prediction of 

the GOOD-GH would be that males are more likely than females to be relieved of their 

predispositions, yielding more dispositions for females. Considering the thoughts mentioned above 

on how it is rather unlikely that one will create a “bad” child to enact a normative gender difference, 
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the GOOD-GH does not predict that visitors will make their female children more vulnerable. So, any 

potential difference refers to a different prioritization of health conditional on the chosen gender. 

Given that diseases may differ in perceived severity, GOOD-GH would expect this effect to be more 

pronounced in conditions not associated with high lethality or other severe impairments. This is 

because the other diseases may be perceived as so bad that a predisposition will be removed 

regardless of normative stereotypes. Diseases like coeliac disease may be of less priority to be 

removed for females but are still a threat to the gender stereotype of males and are, thus, more likely 

to be eradicated.  

EMAN-GH would suspect equal prioritization and, thus, no differences based on gender. 

Personality 

Forming our predictions, we oriented at the descriptions of the Big 5 dimensions and their facets as 

described by Costa Jr. and McCrea (1992). We are referring to this conceptualization when talking 

about facets. Linking personality to the normative gender stereotypes, we evaluated semantic 

content and grouping of attributes that were rated for their gender-specific typicality and desirability, 

for example, in Koenig (2018) and Prentice and Carranza (2002).  

Sensibility: We orientated at the broader dimension of Neuroticism. Males ought not to show signs of 

being weak and thus not vulnerable (Rudman, Moss-Racusin, Glick, et al., 2012). Moreover, they 

should not be overly emotional and are urged to display high self-esteem (Koenig, 2018; Prentice & 

Carranza, 2002; Rudman, Moss-Racusin, Phelan, et al., 2012). While Koenig (2018) only found that 

males ought not to be emotional, other findings indicate that females are expected to express 

emotions (Prentice & Carranza, 2002) or be emotional (Rudman, Moss-Racusin, Phelan et al., 2012). 

Moreover, female melodramatic behavior is evaluated more leniently (Prentice & Carranza, 2002). 

According to the GOOD-GH, we expect that female children, relative to their male counterparts, are 

designed with more sensibility. This may be due to changes in females towards higher values 

(prescription) and changes in males towards lower values (proscription) 
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Given the EMAN-GH, one could argue for a sensibility alignment to challenge normative 

gender stereotypes. In their study on the changing stereotypes, Diekman and Eagly (2000) showed 

that although stereotypes are expected to change in an imagined future, this development is mainly 

because females are expected to increasingly acquire personality traits that are descriptively assigned 

to males (e.g., being dominant, aggressive). It was also expected that this development comprises the 

partial decline of feminine personality traits in females (e.g., being sensitive or affectionate). Effects 

also showed that stereotypes for females were more malleable than for males. Hence, an 

equivalence in sensibility would provide support for the EMAN-GH. However, given the reported 

findings, we expect that this will include the direction that women are designed to be less sensitive 

rather than male’s sensibility being increased.  

Sociality: Here, we orientated at the broader dimension of Extraversion. Prentice and Carranza   

(2002) showed that being extroverted was perceived as more descriptive but not more prescriptive 

for males. Facets of extraversion are warmth and positive emotions (Costa Jr. & McCrae, 1992). Here, 

prescriptions for women exist (being warm, wholesome, and cheerful) (Koenig, 2018; Prentice & 

Carranza, 2002; Rudman, Moss-Racusin, Phelan, et al., 2012). Other facets, however, are 

assertiveness, activity, and gregariousness (Costa Jr. & McCrae, 1992). Being assertive, dominant, and 

overall agentic are strong prescriptions for males (Bosson et al., 2022; Koenig, 2018; Rudman, Moss-

Racusin, Phelan, et al., 2012), but rather not important for women (Prentice & Carranza, 2002). 

Agentic and assertive behavior is also associated with high status (Rudman, Moss-Racusin, Phelan, et 

al., 2012). If associated with being dominant, agentic behavior can result in negative consequences 

for women (Rudman, Moss-Racusin, Glick, et al., 2012; Rudman, Moss-Racusin, Phelan, et al., 2012). 

Males face more negative consequences for being shy (Doey et al., 2014). Men are also expected to 

be more self-reliant, but women shall be more flirtatious and are less expected to have a sense of 

humor (Prentice & Carranza, 2002), traits that may be associated with sociality. Low values of this 

trait were explicitly framed by the exhibit as leading to more independence and enjoyment of 

aloneness (Figure 1 in manuscript). Note the prescription for males to be more independent (Koenig, 
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2018). Yet, Koenig grouped traits under this label that suggest interpreting it as a reflection of self-

reliance (e.g., self-reliant, ambitious, and independent), not so much a preference to be alone.  

If explicitly presented as Extraversion, desirability differences in associated facets suggest a 

tend toward a contemporary masculine prescription based on the more agentic behaviors and traits 

associated with it. Considering that the exhibit framed the trait as sociality, our predictions hold, 

albeit with less certainty. Hence, under the GOOD-GH, we expect relatively higher values for males 

than females, driven by males being increasingly designed to be more social (prescription to be more 

agentic, shyness proscription). However, females are not expected to be changed more to the 

negative (no proscription to be agentic).  

Considering the findings of Diekman and Eagly (2000) that future females are expected to 

acquire more male traits, the EMAN-GH would predict an alignment, with females increasingly 

changing toward higher values and male values being maintained.  

Openness: Prentice and Carranza  (2002) found no difference in gender-specific desirability for being 

open-minded, although this trait was more ascribed to females. Conservative vs. liberal values can 

describe openness (Costa Jr. & McCrae, 1992). Viewed through the lens of associated sexual values 

(Allen & Walter, 2018), the proscription for females to not be promiscuous (Prentice & Carranza, 

2002) or sexually active (Koenig, 2018), combined with the prescription or forbearance for males to 

show sexual activity (Koenig, 2018; Prentice & Carranza, 2002), may lead to the prediction that males 

shall be more open than females. However, a reduction to sexual activity alone is non-justified. Males 

are not expected to be as creative as women (Prentice & Carranza, 2002), which denotes another way 

to understand openness (Costa Jr. & McCrae, 1992).  

These findings are somewhat mixed, and their link to the overall facet is unclear, so we 

cannot clearly identify a normative gender stereotype for the general dimension of openness. 

Therefore, neither GOOD-GH nor EMAN-GH specify any hypotheses on gender-specific differences.  

Agreeableness: Being agreeable strongly confers to being communal, which is a strong description 

and prescription for females (Bosson et al., 2022; Koenig, 2018; Rudman, Moss-Racusin, Phelan, et 
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al., 2012). Associated characteristics may be being cooperative, which is not expected to have high 

values in men (Prentice & Carranza, 2002). Men ought also to be more competitive (Prentice & 

Carranza, 2002; Rudman, Moss-Racusin, Phelan, et al., 2012), a trait that is not expected of women 

(Prentice & Carranza, 2002). There is evidence for the explicit prescription for women to be agreeable 

(Prentice & Carranza, 2002). High agreeableness values also lead to economic punishment, an effect 

stronger for males than females (Judge et al., 2012).  

Given the solid prescriptive nature of being communal for females the GOOD-GH predicts 

higher values in this trait for female children. This effect is likely driven by changing female traits to 

higher values (prescription). Although there is no explicit proscription to be not agreeable for males, 

desired traits for males, like assertiveness and penalizing agreeable males, may lead to a likelier 

reduction of this trait in male children.  

Across the last decades, being communal was identified as a strong descriptive demarcation 

for females and males, so that some studies even report an increase in this stereotype for females 

(Eagly et al., 2020), while others assert differences to be relatively stable (Haines et al., 2016; Moya 

Morales & Moya Garófano, 2021; Zehnter et al., 2018). Imagining the year 2050, people expect 

females to acquire more male traits while female personality traits (e.g., being nurturing) move to the 

background (Diekman & Eagly, 2000). There is evidence that being communal is less tied to the 

contemporary gender hierarchy, where males have higher status than females because expectations 

of being communal are rather neutral in status (Rudman, Moss-Racusin, Glick, et al., 2012; Rudman, 

Moss-Racusin, Phelan, et al., 2012). So even if one is attempted to challenge gender stereotypes by 

designing a vanguard child and acting according to the EMAN-GH, agreeableness, and related 

communality may not be the main target. One could also aim at equipping a potential vanguard with 

a good sense of competitiveness to make challenging stereotypes easier. Moreover, one may aim to 

counteract the descriptive deficit in male communality. The EMAN-GH would predict that females are 

not made overly agreeable due to the status neutrality of associated features. Due to the same 

reasons, this feature may not be a target for manipulation among male children. This may either yield 
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no differences or simply reduce its magnitude. Both outcomes may be driven by an adjustment for an 

alleged deficit in males and the tendency to reduce agreeableness for women to make them more 

assertive. The difference would then be constituted by the magnitude of change.  

Conscientiousness: The exhibit framed high conscientiousness with the tendency to be overly 

perfectionistic. This trait is not desirable for one over the other gender (Prentice & Carranza, 2002). 

Yet, a facet of conscientiousness is competence (Costa Jr. & McCrae, 1992). Being competent is 

prescriptive for males (Rudman, Moss-Racusin, Phelan, et al., 2012)  and not as important for females 

(Prentice & Carranza, 2002). Descriptively, women are perceived as increasingly more competent 

(Eagly et al., 2020). However, another study showed that the perceived level of competence does not 

change for women but decreases for men (Zehnter et al., 2018). Striving for achievement is also a 

facet of conscientiousness (Costa Jr. & McCrae, 1992). Being ambitious, agentic, and career-

orientated is prescriptive for males (Bosson et al., 2022; Koenig, 2018; Prentice & Carranza, 2002; 

Rudman, Moss-Racusin, Phelan, et al., 2012). This and the facet of self-discipline also relates to the 

prescription for males to be more independent, disciplined, and self-reliant, with the latter not really 

expected from women (Prentice & Carranza, 2002; Rudman, Moss-Racusin, Phelan, et al., 2012). 

There is also a proscription for females to not be overly controlling (Prentice & Carranza, 2002; 

Rudman, Moss-Racusin, Phelan, et al., 2012). The facet of deliberation (Costa Jr. & McCrae, 1992) may 

relate to traits like being rational, which has been shown to be prescriptive for males but less 

important for females (Prentice & Carranza, 2002). 

Traits associated with conscientiousness are not only perceived as more typical for males but 

also associated with high status (Rudman, Moss-Racusin, Phelan, et al., 2012). Hence, they are a 

suitable target for enacting and challenging the Western gender hierarchy (Rudman, Moss-Racusin, 

Phelan, et al., 2012).  

Overall, the GOOD-GH expects males to have higher values in conscientiousness, probably 

driven by the tendency to increase this level for male children but not to overly decrease or increase 

it for female ones.  
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In the study by Diekman and Eagly (2000) on stereotypes in the future, features associated 

with conscientiousness can best be described as cognitive masculine dimensions (e.g., analytical, 

good at reasoning). Still, some facets may also appear in cognitive features commonly assigned to 

females (e.g., being imaginative, creative, artistic). Overall, Diekman and Eagly (2000) showed that 

male cognitive traits are assumed to increase in females while being rather stable in males. This effect 

was stronger than the assumed increase in feminine cognitive traits in males and females. The EMAN-

GH predicts an alignment in conscientiousness, mainly driven by an increase in female children but no 

deliberate decrease in male children. This once again reflects the assumed development of females 

increasingly acquiring favorable male traits.  

Talents 

Intelligence: There is evidence for the prescription that males shall be intelligent (Koenig, 2018; 

Rudman, Moss-Racusin, Phelan, et al., 2012), while it is not as much expected for women (Prentice & 

Carranza, 2002). Park et al. (2015) showed that males deem smarter women as more attractive, but 

when confronted with such this preference was not affirmed. GOOD-GH predicts that higher values 

for male children are driven by males being designed to be more intelligent rather than decreasing 

intelligence for women. 

Interestingly, women are described as being more intelligent (Prentice & Carranza, 2002), a 

perception that is also visible when comparing gender stereotypes across time (Eagly et al., 2020). 

Nevertheless, the male cognitive dimensions, as described by Diekman and Eagly (2000), comprise 

skills (e.g., being analytical, good at problem-solving) that may be associated with intelligence and 

are highly valued in Western societies (Cocodia, 2014). Projecting the alleged trend of women 

acquiring these skills, resulting in a more egalitarian future society, EMAN-GH predicts the alignment 

of intelligence values, driven by similar positive changes for males and females. The latter effect 

stems from the general valuation of this feature. 

Musicality: Koenig (2018) showed the prescription for females to engage with feminine interests, 

namely arts or languages. Still, the evidence for a musicality gender bias seems to be sparse. 
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Activities like piano playing or opera attendance are perceived as more female than male. However, 

these differences were rather small and opposed to the finding that music listening is rather 

perceived as masculine (Zinkhan et al., 2004). It has also been argued that successful musical 

performance is characterized by conjoined male and female qualities (Kemp, 1985).  

We are not able to identify a clear, prescriptive notion of musicality. Hence, neither GOOD-GH 

nor EMAN-GH predict any differences in musicality.  

Sportiness: Men shall be more athletic, a trait that is less important for women (Prentice & Carranza, 

2002). Albeit female athleticism is on the rise, there is a tendency to associate different sports with 

maleness (the exception being aesthetic-focused disciplines like dance) (Plaza et al., 2017). Activities 

that include physical or competitive activity are more described as male than female (Zinkhan et al., 

2004). Primarily understood as raw, undefined physical capability, being sporty gets a subtle male 

undertone. We must further recognize the strong focus on males in organized sports activity and its 

reception (Hardin et al., 2006). Hence, GOOD-GH cautiously predicts higher values for males than 

females, mainly due to an increase in sportiness in males while female values are maintained.  

Besides predicted alignments in cognitive and personality-related domains, Diekman and 

Eagly (2000) revealed that their participants also somewhat expected females to become more 

physically similar to males. The related traits comprised being muscular or physically strong. To 

counter stereotypes, females may be designed with increased sportiness, while under the EMAN-GH, 

the male prescription becomes less important. Therefore, EMAN-GH predicts equal values in 

sportiness, mainly caused by putting more emphasis on this trait in females and less in males.  

Creativity: Diekman and Eagly (2000) labeled being creative as primarily a female cognitive feature. 

Being creative is not as important for men as for women (Prentice & Carranza, 2002). However, 

creativity is substantially associated with agentic-related features (Proudfoot et al., 2015), which are 

prescriptive for males agentic (Bosson et al., 2022; Koenig, 2018). With these mixed results, GOOD-

GH cannot reliably predict a direction of differences, but only that there may be one. On the contrary, 

EMAN-GH would be more consistent with no existing difference. 
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General considerations 

It has been shown that normative gender stereotypes are contingent on the age of the evaluated 

person, with toddlers and seniors having the smallest number of different stereotypes (Koenig, 2018). 

Although the exhibit displays the child as toddler, it frames genes and the related decisions as 

expected to have a lasting influence on the life of the child. Hence, manipulation of toddler genes is 

likely done under the anticipation of beneficial effects in the future. Overall, Koenig (2018) found no 

examples of directional change (prescription becomes proscription). The main variation was strength 

and existence of normative gender stereotypes. Thus, we evaluate contemporary normative gender 

stereotypes as somewhat centered on adolescence. 

Priors  
Zero-one-inflated beta regressions: 

Brms-Family = zero_one_inflated_beta() 

b ~ normal(0,1) 

Intercept ~ student_t(3, 0, 2.5) 

Intercept_coi ~ logistic(0, 1) 

Intercept_phi ~ student_t(3, 0, 2.5) 

Intercept_zoi ~ logistic(0, 1) 

Logistic regressions: 

Brms-Family = Bernoulli() 

b ~ normal(0,1) 

Intercept ~ student_t(3, 0, 2.5) 

Ordered logistic regression: 

Brms-Family = cumulative() 

b ~ normal(0,1) 

Intercept ~ student_t(3, 0, 2.5) 

Multinomial logistic regression: 

Brms-Family = categorical() 

b_muEnhanced ~ normal(0,1) (Value was increased) 

b_muNoChange ~ normal(0,1) (Value was maintained) 

Appendix 3.1. Döbler and Carbon (2025) Supplementary 284



14 
 

Intercept_muEnhanced ~ student_t(3, 0, 2.5) 

Intercept_muNoChange ~ student_t(3, 0, 2.5) 

Results 

Predispositions 

Table S1. Prediction of the number of chosen disease number 

Predictor Estimate 95%CI SE pd 

Male 0.20 -0.9 - 1.3 0.56 64.3 

random Female -1.28 -2.27 - -0.31 0.50 99.5 

random Male -1.33 -2.32 - -0.34 0.51 99.5 

Natural dispositions: 3 0.20 0.04 - 0.35 0.08 99.5 

Natural dispositions: 4 0.54 0.37 - 0.72 0.09 100.0 

Prop. available money 3.80 2.87 - 4.73 0.48 100.0 

Male x Natural dispositions: 3 0.14 -0.1 - 0.36 0.12 87.2 

Male x Natural dispositions: 4 -0.13 -0.38 - 0.13 0.13 82.7 

random Female x Natural dispositions: 3 0.04 -0.17 - 0.26 0.11 65.1 

random Female x Natural dispositions: 4 -0.05 -0.29 - 0.19 0.12 65.3 

random Male x Natural dispositions: 3 0.14 -0.08 - 0.37 0.11 89.8 

random Male x Natural dispositions: 4 0.17 -0.08 - 0.41 0.13 91.1 

male x Prop. available money -0.21 -1.48 - 1.07 0.65 62.8 

random Female x Prop. available money 1.27 0.19 - 2.39 0.55 99.0 

random Male x Prop. available money 1.10 0 - 2.2 0.56 97.5 

Note. Applied model was hierarchical logistic regression. 95%CI = 95% Credible interval. Pd = probability of 
direction, i.e., area of posterior distribution on the side of the median. SE = Standard error. Female/Natural 
dispositions: 2 = reference values 
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Marginal effects and coefficients for models predicting the change of predispositions can be found in 

the respective Excel file in the OSF.  

 

 

 

Figure S 2. 

Figure S 1 
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Figure S 3 
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Figure S 4 
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Features   
Table S2. ANOVA’s to determine whether the natural value is distributed 
equally across gender. 

gender feature F-value p-value 

Choices.gender Nature.talents.sportiness 0.53558187 0.65786936 

Nature.gender Nature.talents.sportiness 0.18710313 0.66534551 

Choices.gender Nature.talents.musicality 1.35868791 0.25341513 

Nature.gender Nature.talents.musicality 0.41295385 0.52048484 

Choices.gender Nature.talents.creativity 1.04831315 0.36985 

Nature.gender Nature.talents.creativity 4.624E-05 0.99457454 

Choices.gender Nature.talents.intelligence 0.45042419 0.71699949 

Nature.gender Nature.talents.intelligence 3.6021E-06 0.99848572 

Choices.gender Nature.personality.openness 0.8134387 0.48619762 

Nature.gender Nature.personality.openness 1.94132488 0.16354746 

Choices.gender Nature.personality.diligence 0.15200243 0.92844253 

Nature.gender Nature.personality.diligence 1.01283576 0.31424229 

Choices.gender Nature.personality.sociality 0.09573615 0.96241461 

Nature.gender Nature.personality.sociality 0.63922595 0.42400515 

Choices.gender Nature.personality.agreeableness 1.14677646 0.32862484 

Nature.gender Nature.personality.agreeableness 0.00820479 0.92782744 

Choices.gender Nature.personality.sensibility 0.25071234 0.86087592 

Nature.gender Nature.personality.sensibility 0.18231217 0.66940042 
 

Marginal effects and coefficients for models predicting the change of features and their distribution 

are in the respective Microsoft Excel file.  

 

Figure S 5. Overview about the final feature distribution (all children). For distribution of values of children whose values 
were changed see prediction plots. 
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Money spent 
 

Choosing gender costs 10,000 and will leave those who have chosen a random assignment with extra 

capital after the first screen. This allows for extra investments. Both groups can spend 100% of their 

capital. We set the proportion of total money spent as the outcome of a zero-one-inflated beta 

regression. The single predictor was Genderc. For the interpretation of our results, note that all 

manipulations cost 10,000, respectively 20,000€.  

 

Table S3. Zero-One-Inflated Beta regression on the proportion of money spent after gender selection      
Chosen gender μ SE CI φ SE CI zoi SE CI coi SE CI 

Female (Reference) 0.907 0.017 0.874 - 0.939 1.36 0.023 1.313 - 1.403 -2.54 0.06 -2.664 - -2.416 9.508 3.857 5.048 - 19.892 

Male 0.102 0.025 0.053 - 0.151 0.03 0.034 -0.032 - 0.101 0.20 0.09 0.015 - 0.373 1.011 6.205 -11.075 - 14.983 

Random male -0.287 0.023 -0.090 0.11 0.033 0.042 - 0.169 0.49 0.08 0.325 - 0.649 -9.6 3.858 -19.957 - -5.126 

Random female -0.273 0.023 -0.091 0.10 0.033 0.031 - 0.159 0.41 0.09 0.242 - 0.571 -9.674 3.859 -20.015 - -5.196 

 

 

 

 

 

 

 

Table S4. Predicted proportion spent (Expected posterior value) 

Gender Proportion spent CI95 

Female 73.33 72.67 - 74 

Male 75.61 74.88 - 76.31 

random Female 63.03 62.22 - 63.92 

random Male 63.27 62.42 - 64.14 

Note. RGC inevitably spent 4% (10.000€) less than DGC (Male/Female).  
CI95: 95% Credible interval of predicted difference. The starting capital was 250.000€. 

Table S5. Average marginal differences between proportion of money spent  

Contrast Difference in pp. CI95 
Female - Male -2.28 -3.24 - -1.29 
Female - random Female 10.30 9.21 - 11.37 
Female - random Male 10.06 8.98 - 11.16 

Male - random Male 12.33 11.2 - 13.44 

random Female - Male -12.57 -13.66 - -11.45 
random Female - random Male -0.24 -1.45 - 0.96 

Note. RGC inevitably spent 4% (10.000€) less than DGC (Male/Female). CI95: 95% 
Credible interval of predicted difference. Pp. = percent points. 
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Table S6. Zero-one-inflated beta regression on chosen values of traits and talents 

 Sensibility 

Chosen gender μ SE CI95% φ SE CI95% zoi SE CI95% coi SE CI95% 
F  
(Reference) 0.289 0.019 0.252 - 0.327 1.544 0.03 1.486 - 1.602 -1.651 0.057 -1.764 - -1.542 0.678 0.11 0.463 - 0.894 
M -0.058 0.03 -0.117 - 0.001 -0.158 0.044 -0.246 - -0.071 0.569 0.077 0.417 - 0.721 -0.281 0.143 -0.558 - 0 
rF -0.001 0.028 -0.056 - 0.053 0.136 0.044 0.048 - 0.222 0.285 0.08 0.127 - 0.442 -0.257 0.149 -0.554 - 0.038 
rM -0.069 0.029 -0.125 - -0.013 -0.058 0.044 -0.145 - 0.029 0.167 0.082 0.008 - 0.326 -0.350 0.153 -0.651 - -0.05 

 Sociality 

 μ SE CI95% φ SE CI95% zoi SE CI95% coi SE CI95% 
F 0.708 0.018 0.674 - 0.743 1.769 0.029 1.712 - 1.826 -1.389 0.049 -1.487 - -1.294 1.075 0.102 0.878 - 1.278 
M -0.023 0.028 -0.076 - 0.032 -0.152 0.044 -0.239 - -0.066 0.498 0.068 0.365 - 0.632 -0.033 0.135 -0.299 - 0.228 
rF 0.003 0.026 -0.048 - 0.053 0.112 0.044 0.026 - 0.197 0.209 0.07 0.07 - 0.344 -0.205 0.14 -0.481 - 0.065 
rM -0.009 0.026 -0.06 - 0.042 0.052 0.044 -0.033 - 0.138 0.158 0.071 0.019 - 0.297 -0.005 0.144 -0.289 - 0.274 

 Openness 

 μ SE CI95% φ SE CI95% zoi SE CI95% coi SE CI95% 
F 0.752 0.017 0.719 - 0.785 1.87 0.029 1.812 - 1.927 -1.38 0.048 -1.474 - -1.286 1.128 0.101 0.933 - 1.328 
M -0.100 0.027 -0.153 - -0.048 -0.219 0.044 -0.305 - -0.134 0.514 0.067 0.383 - 0.645 -0.032 0.134 -0.299 - 0.229 
rF -0.015 0.025 -0.064 - 0.034 0.028 0.043 -0.057 - 0.112 0.237 0.068 0.102 - 0.369 -0.211 0.137 -0.477 - 0.058 
rM -0.010 0.025 -0.058 - 0.038 0.031 0.043 -0.052 - 0.116 0.089 0.07 -0.049 - 0.227 -0.028 0.144 -0.307 - 0.254 

 Agreeableness 

 μ SE CI95% φ SE CI95% zoi SE CI95% coi SE CI95% 
F 0.766 0.020 0.727 - 0.805 1.641 0.030 1.581 - 1.7 -1.242 0.049 -1.337 - -1.146 1.238 0.102 1.04 - 1.442 
M -0.065 0.030 -0.124 - -0.006 -0.071 0.046 -0.162 - 0.019 0.480 0.067 0.347 - 0.611 -0.148 0.136 -0.42 - 0.116 
rF -0.008 0.028 -0.062 - 0.047 0.223 0.045 0.134 - 0.312 0.243 0.07 0.106 - 0.38 -0.310 0.138 -0.582 - -0.039 
rM -0.014 0.029 -0.07 - 0.044 0.059 0.045 -0.028 - 0.148 0.105 0.071 -0.035 - 0.244 -0.050 0.147 -0.341 - 0.239 

 Conscientiousness 

 μ SE CI95% φ SE CI95% zoi SE CI95% coi SE CI95% 
F 0.718 0.018 0.682 - 0.753 1.727 0.029 1.67 - 1.784 -1.317 0.049 -1.414 - -1.222 1.149 0.1 0.955 - 1.348 
M -0.012 0.028 -0.068 - 0.043 -0.128 0.044 -0.213 - -0.042 0.471 0.067 0.341 - 0.599 -0.131 0.133 -0.392 - 0.13 
rF 0.012 0.026 -0.039 - 0.064 0.155 0.044 0.069 - 0.239 0.232 0.068 0.099 - 0.364 -0.348 0.135 -0.614 - -0.08 
rM 0.040 0.026 -0.012 - 0.091 0.142 0.043 0.057 - 0.227 0.139 0.07 0.002 - 0.277 0.106 0.146 -0.177 - 0.391 

Talents 

 Intelligence 

 μ SE CI95% φ SE CI95% zoi SE CI95% coi SE CI95% 
F 1.195 0.02 1.155 - 1.234 1.809 0.031 1.747 - 1.87 -0.648 0.039 -0.724 - -0.573 2.228 0.11 2.017 - 2.448 
M -0.046 0.034 -0.113 - 0.021 -0.263 0.049 -0.359 - -0.166 0.499 0.057 0.386 - 0.611 -0.341 0.141 -0.62 - -0.066 
rF -0.097 0.03 -0.155 - -0.038 -0.114 0.045 -0.203 - -0.026 0.214 0.055 0.106 - 0.323 -0.396 0.142 -0.676 - -0.12 
rM -0.09 0.03 -0.148 - -0.03 -0.102 0.046 -0.193 - -0.013 0.219 0.055 0.109 - 0.328 -0.146 0.146 -0.432 - 0.139 

 Sportiness 

 μ SE CI95% φ SE CI95% zoi SE CI95% coi SE CI95% 
F 0.915 0.02 0.877 - 0.954 1.696 0.030 1.637 - 1.755 -0.851 0.041 -0.932 - -0.77 1.652 0.094 1.47 - 1.838 
M 0.069 0.033 0.005 - 0.133 -0.169 0.048 -0.261 - -0.074 0.709 0.058 0.594 - 0.822 0.181 0.127 -0.066 - 0.431 
rF -0.006 0.028 -0.062 - 0.049 0.132 0.045 0.042 - 0.221 0.341 0.059 0.225 - 0.457 0.064 0.13 -0.193 - 0.322 
rM -0.035 0.029 -0.092 - 0.022 0.012 0.045 -0.075 - 0.099 0.281 0.059 0.166 - 0.396 0.171 0.134 -0.092 - 0.434 

 Musicality 

 μ SE CI95% φ SE CI95% zoi SE CI95% coi SE CI95% 
F 0.736 0.021 0.695 - 0.776 1.546 0.031 1.485 - 1.608 -0.981 0.045 -1.07 - -0.894 1.415 0.096 1.23 - 1.607 
M -0.219 0.033 -0.284 - -0.154 -0.206 0.046 -0.297 - -0.117 0.366 0.064 0.243 - 0.493 -0.548 0.126 -0.797 - -0.303 
rF -0.1 0.031 -0.161 - -0.04 -0.029 0.046 -0.118 - 0.06 0.274 0.063 0.15 - 0.399 -0.195 0.13 -0.451 - 0.06 
rM -0.05 0.032 -0.111 - 0.012 -0.065 0.046 -0.155 - 0.025 0.313 0.063 0.19 - 0.438 -0.058 0.133 -0.317 - 0.204 

 Creativity 

 μ SE CI95% φ SE CI95% zoi SE CI95% coi SE CI95% 
F 0.981 0.019 0.942 - 1.018 1.736 0.031 1.676 - 1.794 -0.929 0.042 -1.012 - -0.847 1.871 0.105 1.669 - 2.08 
M -0.115 0.031 -0.176 - -0.053 -0.2 0.047 -0.292 - -0.108 0.455 0.061 0.336 - 0.573 -0.442 0.136 -0.708 - -0.176 
rF -0.060 0.029 -0.116 - -0.003 0.019 0.045 -0.069 - 0.108 0.304 0.059 0.189 - 0.421 -0.161 0.142 -0.44 - 0.118 
rM -0.041 0.028 -0.095 - 0.015 0.091 0.045 0.003 - 0.18 0.315 0.06 0.197 - 0.432 -0.027 0.144 -0.306 - 0.255 

Note. Untransformed parameter estimation. μ (logit scale) and φ (log scale) describe the beta distribution. Zoi and coi (logit scale) describe the 
zero-one-inflation, respectively, the conditional one inflated part of the distribution. Interpret estimates in a linear combination with the 
reference category and always in conjunction. F = Female, M = Male, rF = random Female, rM = random Male. SE = standard error. Estimates are 
the median of respective distribution. CI95% = 95% credible interval. SE always refers to the estimate on the left of this column. Female was 
always the reference category.  
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Model fit  
 

Predictions are based on n = 1,000 predicted_draws of the R-package tidybayes. This method uses the 

fitted model to generate n-different datasets with the original number of used cases in the model. We 

then calculated the median value and 95% interval for how often a value was drawn across gender 

and the respective proportion, which were then plotted against the empirical data. 

We have provided two figures for the proportion of money spent. The second figure rounds predicted 

values between 0.01 and 0.99 to multiples of 0.04. This reflects the empirical possible data of money 

spent more accurately.  

Figure S 6 
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Figure S 7 

Figure S 8 

Figure S9 
Figure S 10 

Figure S 11 

Appendix 3.1. Döbler and Carbon (2025) Supplementary 293



23 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All figure captions read:  

Prediction proportion (Median and 95%CI) in red and blue 

Empirical based on (n = [number] proportion in black 

Extreme values are highlighted for better visibility 

 

 

 

 

 

Figure S 13 Figure S 12 

Figure S 15 Figure S 14 

Appendix 3.1. Döbler and Carbon (2025) Supplementary 294



24 
 

 
 

 

Epred draws 
 

4,000 for decision probabilities 

1,000 for marginal effects in decision probabilities 

20,000 for expected posterior predictive distributions and marginal effects 

Different numbers were employed to minimize computation time. Especially in the models with 

several predictors and their interaction, generated datasets were very large.  

Bayes Factor 
All Bayes factor calculations are in respective Excel file.  

Extreme values 
All extreme value calculations are in respective Excel file. They were obtained by expected posterior 

draws and the respective proportion.  

 

 

 

Figure S 16 
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