	Table 4. Estimates of willingness to use an intervention to boost cognitive performance

	
	
	All Interventions

	
	
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5

	Predictor
	Odds ratio (OR; Median)
	95% Credible Interval (CI)
	pd
	OR
	95%CI
	pd
	OR
	95%CI
	pd
	OR
	95%CI
	pd
	OR
	95%CI
	pd

	Perceived invasiveness
	0.76
	[0.72, 0.81]
	100.0%
	0.76
	[0.72, 0.80]
	100.0%
	0.59
	[0.52, 0.66]
	100.0%
	0.59
	[0.52, 0.67]
	100.0%
	0.59
	[0.52, 0.67]
	100.0%

	Perceived naturalness
	1.61
	[1.52, 1.71]
	100.0%
	2.53
	[2.29, 2.80]
	100.0%
	2.23
	[1.99, 2.50]
	100.0%
	2.23
	[1.99, 2.51]
	100.0%
	2.24
	[2.00, 2.52]
	100.0%

	Attitude Human Enhancement
	1.44
	[1.23, 1.68]
	100.0%
	1.48
	[1.27, 1.73]
	100.0%
	1.47
	[1.25, 1.72]
	100.0%
	1.41
	[1.06, 1.89]
	99.1%
	1.41
	[1.05, 1.88]
	98.6%

	Naturalness attitude
	0.97
	[0.94, 0.99]
	99.2%
	0.96
	[0.94, 0.99]
	99.5%
	0.97
	[0.94, 0.99]
	99.4%
	0.96
	[0.94, 0.99]
	99.4%
	0.96
	[0.90, 1.01]
	92.3%

	Vaccinated
	2.24
	[1.25, 4.06]
	99.7%
	16.56
	[8.11, 34.25]
	100.0%
	2.81
	[1.01, 7.83]
	97.6%
	2.30
	[0.45, 11.09]
	84.4%
	1.76
	[0.13, 24.39]
	66.2%

	Vaccinated x Perceived naturalness
	
	
	
	0.57
	[0.51, 0.62]
	100.0%
	0.66
	[0.59, 0.75]
	100.0%
	0.66
	[0.59, 0.75]
	100.0%
	0.66
	[0.58, 0.75]
	100.0%

	Vaccinated x Perceived invasiveness
	
	
	
	
	
	
	1.37
	[1.20, 1.56]
	100.0%
	1.37
	[1.20, 1.56]
	100.0%
	1.37
	[1.20, 1.56]
	100.0%

	Vaccinated x Att. Human Enhancement
	
	
	
	
	
	
	
	
	
	1.06
	[0.76, 1.47]
	62.6%
	1.06
	[0.76, 1.48]
	63.4%

	Vaccinated x Naturalness attitude
	
	
	
	
	
	
	
	
	
	
	
	
	1.01
	[0.95, 1.07]
	59.5%

	Frequent Use
	0.72
	[0.08, 6.86]
	62.2%
	0.78
	[0.08, 8.19]
	58.5%
	0.83
	[0.07, 9.45]
	56.1%
	0.81
	[0.07, 9.18]
	56.9%
	0.80
	[0.08, 9.11]
	57.2%

	One-Time Use
	5.31
	[4.40, 6.43]
	100.0%
	5.84
	[4.82, 7.10]
	100.0%
	6.11
	[5.02, 7.40]
	100.0%
	6.10
	[5.05, 7.40]
	100.0%
	6.10
	[5.04, 7.38]
	100.0%

	Group-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
	[2.31, 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]
	

	Marginal / Conditional R²
	0.377 / 0.648
	0.375 / 0.663
	0.372 / 0.665
	0.373 / 0.665
	0.372 / 0.665

	LOO-information 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 with parallel frequencies

	
	
	Model 6
	Model 7
	Model 8
	Model 9
	Model 10

	Predictor
	OR
	95%CI
	pd
	OR
	95%CI
	pd
	OR
	95%CI
	pd
	OR
	95%CI
	pd
	OR
	95%CI
	pd

	Perceived invasiveness
	0.63
	[0.56, 0.70]
	100.0%
	0.63
	[0.57, 0.70]
	100.0%
	0.51
	[0.41, 0.64]
	100.0%
	0.52
	[0.41, 0.65]
	100.0%
	0.55
	[0.43, 0.69]
	100.0%

	Perceived naturalness
	1.87
	[1.68, 2.09]
	100.0%
	3.20
	[2.66, 3.87]
	100.0%
	2.99
	[2.44, 3.68]
	100.0%
	3.03
	[2.48, 3.73]
	100.0%
	3.15
	[2.55, 3.93]
	100.0%

	Attitude Human Enhancement
	1.84
	[1.39, 2.44]
	100.0%
	1.90
	[1.43, 2.54]
	100.0%
	1.88
	[1.41, 2.53]
	100.0%
	1.42
	[0.86, 2.29]
	91.4%
	1.44
	[0.87, 2.37]
	92.2%

	Naturalness Attitude
	0.94
	[0.90, 0.99]
	99.0%
	0.93
	[0.89, 0.98]
	99.7%
	0.93
	[0.89, 0.98]
	99.5%
	0.93
	[0.89 – 0.98]
	99.6%
	0.88
	[0.81, 0.97]
	99.7%

	Vaccinated
	7.80
	[2.83, 22.83]
	100.0%
	58.65
	[17.42, 208.26]
	100.0%
	16.12
	[2.89, 91.25]
	99.9%
	4.82
	[0.39, 51.82]
	89.0%
	0.85
	[0.03, 23.44]
	53.7%

	Vaccinated x Perceived naturalness
	
	
	
	0.50
	[0.41, 0.60]
	100.0%
	0.54
	[0.43, 0.67]
	100.0%
	0.53
	[0.43, 0.66]
	92.2%
	0.51
	[0.41, 0.64]
	100.0%

	Vaccinated x Perceived invasiveness
	
	
	
	
	
	
	1.29
	[1.01, 1.66]
	98.0%
	1.26
	[0.99, 1.62]
	96.8%
	1.20
	[0.92, 1.56]
	91.1%

	Vaccinated x Att. Human Enhancement
	
	
	
	
	
	
	
	
	
	1.47
	[0.86, 2.51]
	92.2%
	1.39
	[0.81, 2.43]
	88.7%

	Vaccinated x Naturalness attitude
	
	
	
	
	
	
	
	
	
	
	
	
	1.07
	[0.98, 1.18]
	93.0%

	One-Time Use
	10.89
	[8.48, 14.03]
	100.0%
	12.18
	[9.45, 15.76]
	100.0%
	12.66
	[9.82, 16.44]
	100.0%
	12.72
	[9.81, 16.50]
	100.0%
	12.64
	[9.78, 16.46]
	100.0%

	Group-level effects

	sd(Intervention type)
	1.80
	[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]
	
	25.30
	[17.93, 37.15]
	
	25.37
	[18.17, 37.58]
	

	Marginal / Conditional R²
	0.489 / 0.802
	0.488 / 0.810
	0.488 / 0.810
	0.490 / 0.810
	0.489 / 0.811

	LOO-information 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 )

	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: normal distributed, μ = 0, σ = 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 interventions that were explicitly recorded twice in terms of the required frequency of use (Daily or Once, see Table 1). In these models, no interventions needed "frequent" use. More information is provided in Additional file 1. Number of data points for models 1-5 = 3,454; 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

	


Table 10. Summary of the findings related to our hypotheses
	
	Hypothesis 
	Findings
	Interpretation

	H1
	People who reject a vaccination against SARS-CoV-2 emphasize the role of invasiveness and naturalness more pronounced than those who did not. This links reservations against vaccinations with reservations against Human Enhancement and can explain this behavior. 
	Interventions consisting of a tangible technological device were rated as prime examples of Human Enhancement. There were no rating differences between these seemingly invasive devices across vaccination status groups. (See Text & Additional File 1) 
	Our findings add additional evidence in favor of the hypothesis that reservations against vaccinations and Human Enhancement fuel from similar individual motifs. A high emphasis on what is deemed natural paired with concerns about the invasiveness of (technological) interventions seems to be linked with concrete vaccination behavior, relevant attitudes amid a global pandemic, and the hypothetical use of cognitive enhancement means. Perceived naturalness of concrete examples seems to be more important than abstract notions. Evidence for perceived naturalness's role seemed stronger than perceived invasiveness.  This may be owed to our research design but should be a topic of future investigations. 

	
	
	Unvaccinated participants displayed more affirmative naturalness attitudes (Table 3)
	

	
	
	Unvaccinated persons reported less affirmative attitudes toward vaccination, Human Enhancement, and other phenomena that imply a human interference with nature (Table 3)
	

	
	
	Unvaccinated persons reported higher affirmative attitudes toward phenomena commonly associated with a high valuation for naturalness (Table 3)
	

	
	
	Unvaccinated participants rated drug injection and oral drug administration as more invasive and less natural than vaccinated participants (See Text)
	

	
	
	Depending on introduced terms, vaccination status influenced willingness to use interventions to enhance cognitive abilities. This effect disappeared when more interaction terms with vaccination status were introduced  (Table 4, Figure 3)
	

	
	
	Vaccination status increased the positive effect of perceived naturalness and the willingness to use interventions to enhance cognitive abilities. Moderation on the negative effect of perceived invasiveness was mixed. There is also weak evidence for an interaction with naturalness attitude. Visual inspection of the models suggests a limited effect. Willingness to use was generally low. (Table 4, Figure 3)
	

	
	
	Naturalness attitude negatively predicted attitude toward vaccination. An effect that was moderated by vaccination status (Table 5, Figure 4)
	

	
	
	Unvaccinated participants did not differ in rating vaccinations as example for Human Enhancement. This rating did not predict attitude toward vaccination. A possible interaction effect that must be interpreted cautiously (Table 5, Figure 4)
	

	
	
	Naturalness attitude negatively predicted attitude toward Human Enhancement. An effect that was very likely to be moderated by vaccination status (Table 6, Figure 5)
	

	
	
	Rating of vaccinations as Human Enhancement example did not reliably predict attitude toward vaccination. A possible interaction effect that must be interpreted cautiously (Table 6, Figure 5)
	

	
	
	When assessing vaccination intentions among vaccinated participants, predictive power of naturalness attitude diminished and was eventually not existing when predicting the exact number of planned vaccine doses. Visual inspection suggests an influence for the unvaccinated participants only. Naturalness attitude negatively predicted intention to get vaccinated when unvaccinated participants were evaluated alone  (Tables 8 & 9, Figures 6 & 7)
	

	H2
	Human Enhancement can constitute an altered relationship toward oneself and the environment.
	Vaccinated participants reported improvements in mental parameters after receiving the first dose of vaccination (Table 3)
	Our data suggest that receiving a vaccination can indeed change the relation to the environment or oneself. However, the relation-altering effect of the vaccination seems subtle and only slightly touches any narrative identity parameters. Changes seem to have only limited effects on vaccination intention. Overall, these findings must be interpreted with caution as the used scales were self-constructed, and some items were more attuned to reflect on changes within vaccinated than unvaccinated participants. 

	
	
	Unvaccinated and vaccinated participants reported partially differing perception and experiences of their environment (Table 3, Additional File 1).
	

	
	
	Vaccinated participants reported feeling more technologically enhanced than unvaccinated participants  (Table 3)
	

	
	
	Unvaccinated and vaccinated participants reported similar feelings of vulnerability and similar perceptions of danger of the disease. However, they also reported feeling left out more  (Table 3, Additional File 1).
	

	
	
	No differences in importance of vaccination status for personal identity. Medium affirmation (Table 3)
	

	
	
	Vaccinated participants reported improvement in some psychological variables, like feelings of safety and fear of infection (Figure 2)
	

	
	
	Neither effect of vaccination status nor improvements after first possible dose reliably predicted future vaccination intention across all groups. Only effects of vaccination status were related to vaccination intention among participants with two received doses (Table 8 & 9, Figures 7 & 8)
	

	Note.  We interpret these findings in the context of the cited literature that showed that invasiveness and naturalness are important for evaluating Human Enhancement and that perceived naturalness is a prevalent topic in the anti-vaccination discourse. 





