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Abstract  Recent medical research involving 
human-monkey chimeras, human brain organoids 
in rats, and the transplantation of a gene-edited pig 
heart and gene-edited pig kidneys in living human 
beings have intensified the debate about whether we 
should create human-animal chimeras for biomedi-
cal purposes and, if so, how we should treat them. 
Influential views in the debate frequently appeal 
to assumptions regarding how people will react to 
such chimeras. It has, for example, been argued that 
the most important objection against creating such 
chimeras is that this will result in inexorable moral 
confusion about species boundaries and will, as a 
result, threaten the social order. But is this indeed 

the case? We conducted three empirical studies 
to examine laypeople’s views on the creation and 
treatment of various types of human-animal chime-
ras. Our studies indicate that laypeople find typical 
cases of xenotransplantation (i.e., the transplanta-
tion of an animal organ into a human patient) mor-
ally unproblematic. They assign the same moral 
status to humans with animal organs as to non-
chimeric humans. By contrast, they sometimes (but 
not always) assign slightly higher moral status to 
animals with human organs than to non-chimeric 
animals. Overall, however, there is little indication 
of chimera technology blurring the line between 
humans and animals, and thus of the technology 
causing moral confusion.
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Introduction

Recent biomedical research involving human-mon-
key chimeras, human brain organoids in rats, and the 
transplantation of a gene-edited pig heart and gene-
edited pig kidneys in living human beings have re-
ignited the debate about whether we should create 
human–non-human animal chimeras for biomedical 
purposes, and if so, how we should treat such chime-
ras (Streiffer 2005; Eberl and Ballard 2009; Devolder 
et al. 2019; Kataoka et al. 2023).

Chimeras are organisms that consist of cells or tis-
sues from different genetic origins. The cells or tis-
sues in a chimera can belong to the same or different 
species. Here, we are interested in chimeras consist-
ing of cells or tissues from both non-human animals 
(for reasons of brevity, just “animals” henceforth) and 
humans.

Scientists have been creating human-animal chi-
meras for biomedical research for decades (Behringer 
2007). The primary aim of these endeavours is to gain 
insights into human biology and diseases by utiliz-
ing animal models (usually mice and rats) that con-
tain human cells or tissues. By introducing human 
cells into animal embryos or inserting them into spe-
cific tissues during different stages of development 
(including postnatal development), researchers aim to 
study various aspects of human development, disease 
progression, and potential therapeutic interventions.

More recently, with advancements in genome 
editing and stem cell research, scientists are explor-
ing the potential of human-animal chimeras to cre-
ate improved models for studying human diseases, 
including brain diseases, and to address the world-
wide shortage of donor organs. This kind of research 
has re-ignited the debate about the ethics of creating 
human-animal chimeras.

Three scientific projects in particular have attracted 
the attention of bioethicists and the media.

First, human brain organoids have been success-
fully transplanted into rat brains (Revah et al. 2022). 
Human brain organoids are three-dimensional models 
developed from stem cells that mimic certain aspects 
of the human brain’s structure and function. After a 
human brain organoid was successfully transplanted 

into a damaged rat brain, it integrated with the rat’s 
visual system and responded to flashing light stimuli. 
The hope is that this sort of research will offer scien-
tists a better understanding of human neural circuits 
and allow them to test therapeutic interventions for 
neurological disorders in humans.

Second, between 2022 and 2024, the heart and kid-
neys of genetically modified pigs were successfully 
transplanted into human patients who had no other 
medical options (Kotz and Seiler 2022). In January 
2022, a genetically modified pig heart was trans-
planted into a fifty-seven-year-old man in the end 
stage of heart disease. He survived for two months 
with the organ, which was considered a good short-
term result. In 2024, two patients received a geneti-
cally modified pig kidney transplant. A sixty-two-
year-old man with end-stage kidney disease lived for 
two months with the organ (Mallapaty and Kozlov 
2024). The second transplant was performed in a 
fifty-four-year-old woman suffering from heart and 
end-stage kidney disease. The kidney was removed 
after forty-seven days due to loss of function, and the 
patient died two months later (Lewis 2024). All these 
xenotransplantation procedures (i.e., the transplan-
tation of a primarily animal organ to a human) used 
pigs that were genetically modified to incorporate 
human genes to reduce the risk of organ rejection and 
virus transmission. They mark a major step towards 
using pigs as organ donors for human patients as a 
solution to the worldwide problem of donor organ 
shortage.

The third project that attracted attention and 
ignited debate was carried out to learn more about the 
possibility of using pigs as organ donors for humans. 
In 2021, a team of scientists used a technique called 
interspecies blastocyst complementation to inject 
human pluripotent stem cells into macaque embryos 
(Tan et  al. 2021). The experiment was considered a 
success because it was the first time a significant 
proportion of human cells were present in develop-
ing human-monkey chimeric embryos. One of the 
aims of these experiments is to develop strategies to 
improve the integration of human cells in evolution-
arily more distant animal species, like pigs, in the 
hope that, ultimately, it will be possible to use them 
as hosts to grow cells, tissues, and organs (henceforth 
simply “organs”) for transplantation into humans. The 
ultimate goal is to genetically modify a pig embryo to 
prevent it from growing a specific organ. This would 
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create a developmental niche within which injected 
human pluripotent stem cells could be expected to 
generate the missing organ (Matsunari et  al. 2013). 
Most of the resulting human-pig chimera’s tissues 
would be comprised of a mix of (mainly) pig and 
human cells, but the targeted organ would mostly, or 
even entirely, consist of human cells (Rashid et  al. 
2014). Furthermore, if the patient’s induced pluripo-
tent stem (IPS) cells were used to create the chimeric 
animal, the organ would consist of cells originating 
from the patient, which obviates the need for lifelong 
immunosuppression after organ transplantation. This 
sort of transplantation is referred to as exotransplan-
tation (where a primarily human organ grown in an 
animal is transplanted into a human being). Pigs are 
preferred over primates as a source of organs, as their 
organs are the right size, they are less likely to pass 
on infection, and they breed rapidly. Their use is gen-
erally also considered legally and morally less prob-
lematic than the use of primates, as laypeople tend to 
assign pigs a particularly low moral status compared 
to other animals (Caviola et al. 2021).

The ethics of the creation and use of human-animal 
chimeras has been fiercely debated, both in public 
outlets and the bioethics literature. Influential views 
in the debate frequently appeal to assumptions regard-
ing how people will react to such chimeras. It has, for 
example, been argued that the most important objec-
tion against creating such chimeras is that this will 
result in inexorable moral confusion about species 
boundaries and will, as a result, threaten established 
social practices (Stout 1988; Robert and Baylis 2003). 
But is this indeed the case? Several empirical stud-
ies have previously examined public attitudes toward 
xenotransplantation. A meta-analysis (Mitchell et  al. 
2020) and multiple focused studies have investigated 
attitudes among medical providers, patients, parents, 
and different demographic groups (Padilla, Hurst, 
et al. 2020a, Padilla, Sorabella, et al. 2020b, Padilla, 
Rhodes, et al. 2021a, Padilla, Hurst, et al. 2021; Hurst 
et  al. 2021). While this research provides valuable 
insights into public acceptance of xenotransplantation 
procedures, it has not specifically addressed whether 
such procedures create moral confusion about species 
boundaries or affect perceptions of moral status—the 
focus of our current investigation.

How some media, policymakers, and scientists 
have been reacting in alarm to the idea of human-
animal chimeras at least gives initial support to the 

hypothesis that the general public indeed finds or 
will find chimeras and their creation deeply disturb-
ing (Brock 2017; Davis 2019; Lovelace 2021). Some 
have therefore stressed the need for further discus-
sion regarding the ethics of crossing species bounda-
ries (Garry, Caplan, and Garry 2022). To contribute 
to this debate, we conducted three empirical stud-
ies to inquire about laypeople’s attitudes regarding 
xenotransplantation, and the moral status of vari-
ous types of human-animal chimeras. We will refer 
to these studies as Study 1 (attitudes on xenotrans-
plantation), Study 2 (attitudes on the moral status of 
human-pig chimeras specifically), and Study 3 (atti-
tudes on the moral status of human-animal chimeras 
more generally).

We begin by summarizing what we refer to as 
the “Moral Confusion Argument” and by develop-
ing what we think is the most plausible interpretation 
of it, motivating our three studies along the way. We 
then discuss our study results and show how they cast 
doubt on the Moral Confusion Argument. We end 
by discussing other interesting implications of our 
studies and by proposing some future directions of 
research.

Inexorable Moral Confusion?

It has been claimed that the main concern associated 
with the creation of human-animal chimeras is that 
it would result in “inexorable moral confusion in our 
existing relationships with nonhuman animals and 
in our future relationships with part-human hybrids 
and chimeras” (Robert and Baylis 2003, 9). Accord-
ing to Robert and Baylis, whose discussion of this 
has been influential in the debate, the problem is that 
people generally accord moral status to humans based 
on their species membership (i.e., on their “human-
ness”), whereas to animals based on how useful they 
are to humans (i.e., their instrumental value). The 
creation of human-animal chimeras (who are argu-
ably neither fully human nor fully animal) will, so the 
argument goes, confuse people “as there is no clear 
way of understanding (or even imagining) our moral 
obligations to these beings” if they can no longer 
draw a sharp line between humans and animals (Rob-
ert and Baylis 2003, 9). Worst of all, by amounting 
to puzzling intermediate cases that are neither just 
human nor just animal, it is claimed human-animal 
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chimeras would make us doubt the assumption that 
humanness is necessary or sufficient for full moral 
status. Human-animal chimeras will thus threaten 
our privileged position on top of the “moral status 
ladder,” as well as our social institutions since these 
depend on a clear moral distinction between humans 
and animals.

Note that Robert and Baylis do not themselves 
endorse a speciesist view on moral status—that is, 
the view that species membership is what determines 
moral status. Their claim relies on the idea that most 
people are, however, speciesist. Although the specie-
sist view has been widely criticized in the normative 
literature (Steinbock 1978; Singer 1990, 2016; Tooley 
1998; McMahan 2008), it is indeed prevalent in the 
wider (Western and adult) population (Caviola et al. 
2019; McGuire et  al. 2025). Several recent studies 
support Robert and Baylis’s assumption that peo-
ple indeed attribute a higher moral status to humans 
simply in virtue of their being human, even after 
targets’ differences in cognitive capacities and sen-
tience are controlled for (Caviola et  al. 2022). But 
what is unclear is whether people, even if they hold 
such “speciesist” views, would indeed be inexorably 
morally confused by the creation of human-animal 
chimeras and whether this would be perceived as a 
threat to our privileged position on the moral standing 
ladder and even to our social institutions. On the one 
hand, chimeras might indeed be thought to occupy 
an uncanny moral location between humans and ani-
mals, thus confoundingly splintering the bright line 
that typically allows non-humans to be treated quite 
differently from humans, in line with Robert and Bay-
lis’s prediction. But another possibility is that the per-
ceived moral status of chimeras would remain equiva-
lent to the moral status of non-chimeric animals, thus 
sidestepping any moral confusion amongst the gen-
eral public.

To determine the extent to which human-animal 
chimeras might cause moral confusion, we asked 
our study participants (Study 2) about their views on 
the moral status of pigs and rats with one or several 
human organs and that of humans with one or several 
pig organs. We also asked them about their views on 
the moral status of human-animal chimeras in general 
(Study 3) and on the blurring of species boundaries in 
the context of xenotransplantation (Study 1).

According to Robert and Baylis, human-ani-
mal chimeras with potentially enhanced cognitive 

capacities will be considered particularly problem-
atic because most people think that human beings 
are superior to animals “by virtue of the human 
capacity for reason and language,” and the problem 
with human-animal chimeras with enhanced cogni-
tive capacities is that they, in particular, will blur the 
boundary between humans and “unreasoning” ani-
mals (Robert and Baylis 2003, 9).

To find out laypeople’s views about human-ani-
mal chimeras with potentially enhanced cognitive 
capacities, we asked participants (Study 2) whether 
they thought a pig with human neurons (which could 
potentially affect its cognitive abilities) has a higher, 
equal, or lower moral status compared to a nor-
mal pig. We also asked other participants (Study 3) 
whether they thought that rats with human brain tis-
sue had a different moral status to normal rats, where 
we made clear that the human brain tissue was not 
expected to alter the cognitive abilities of the rat. This 
allowed for a strong test of whether biological mate-
rial per se would impact moral status beyond potential 
changes in psychological qualities (e.g., intelligence 
and emotional experience), which have been previ-
ously shown to have some relevance for lay percep-
tions of moral status (Gray et al. 2012; Caviola et al. 
2022).

Our results thus shed important light on pub-
lic perception of human-animal chimeras and their 
moral significance and, more specifically, allow us to 
directly test the Moral Confusion Argument against 
the creation of human-animal chimeras.

Some philosophers have argued that moral confu-
sion arising from human-animal chimeras could be 
beneficial, as it might force us to critically examine 
our potentially problematic moral categories regard-
ing species boundaries (Pietrzykowski 2018; Koplin 
and Savulescu 2019; Koplin and Wilkinson 2019). 
While we acknowledge the value of challenging 
established moral frameworks, this paper has a more 
focused aim: to empirically test the assumption that 
human-animal chimeras would indeed cause moral 
confusion. This is important groundwork for both 
practical policy decisions and philosophical discus-
sions, including about the desirability of such moral 
category disruption.

Finally, our focus is on testing the moral confu-
sion argument in the context of currently feasible 
forms of human-animal chimeras, particularly those 
being developed for xenotransplantation. While more 
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extreme forms of chimeras are conceivable, we inves-
tigate public attitudes toward the types that are most 
relevant to current scientific developments and ethical 
debates.

Empirical Studies

We conducted three studies to shed light on the moral 
confusion argument. In Study 1, we probed laypeo-
ple’s attitudes towards the xenotransplantation tech-
nology. In Study 2, we investigated both the moral 
status assigned to humans when they carry pig organs 
and the moral status assigned to pigs when they 
carry human organs. Study 3 then examined whether 
implanting human brain tissue into non-human ani-
mals leads people to confer these animals with ele-
vated moral status. For all three studies, relevant ethi-
cal guidelines were followed, and the research was 
approved by the  University of Oxford Research Eth-
ics Committee (reference numbers R57715/RE001 
and R56657/RE006). Participants provided informed 
consent and were financially compensated for their 
time, with a flat fee that was anticipated to be at or 
above the minimum wage. We preregistered Study 
1 (https://​osf.​io/​wcf8x) and Study 3 (https://​osf.​io/​
pxjkf) on the Open Science Framework. In all studies, 
participants completed questionnaires through Qual-
trics survey software.

Study 1: Attitudes on Xenotransplantation

Method

Participants (N = 500 adults from the United States) 
were recruited on Amazon Mechanical Turk, an 
online crowdsourcing site, via CloudResearch. Based 
on a preregistered criterion, one participant was 
excluded from analysis for reporting that they did 
not take the study seriously. Additionally, there was 
a comprehension check at the beginning of the study, 
and participants who failed after two attempts (n = 21) 
were not allowed to proceed and were replaced. There 
were thus 499 participants in the final sample (mean 
age = 40.8; 275 men, 219 women, 3 non-binary/
transgender/third-gender, 2 preferred not to disclose 
their gender).

Participants were probed about their moral judge-
ments of transplanting animal hearts and kidneys to 
human recipients, as well as about factors that could 
have contributed to these moral judgements. Ratings 
were made on seven-point scales. For moral judge-
ments, these scales ranged from −3 (very wrong) to 
3 (very right), with ratings near 0 indicating moral 
ambivalence. In assessing participants’ reasons 
for their moral judgements, scales ranged from 1 
(strongly disagree) to 7 (strongly agree). We asked 
a wide range of questions, including a series of vali-
dated scale measures; for brevity, we present only the 
most relevant details here. For a full description of 
the methods, please see the Supplementary Materials.

Results

Our findings consistently indicated that lay peo-
ple generally think xenotransplantation is morally 
unproblematic. Participants did not morally con-
demn transplanting animal organs into humans in 
general (n = 499, M = 0.85, SD = 1.56), and hearts 
(n = 242, M = 0.79, SD = 1.71) or kidneys (n = 257, 
M = 0.90, SD = 1.53) in particular. One-sample t-tests 
indicated that participants’ moral judgements were 
significantly above the midpoint for general moral 
judgements, t(498) = 12.13, p < 0.001, d = 0.54; for 
judgements about heart transplants, t(241) = 7.19, 
p < 0.001, d = 0.46; and for judgements about kidney 
transplants, t(256) = 9.48, p < 0.001, d = 0.59. One-
sample t-test against the neutrality midpoint showed 
that participants disagreed that the procedure made 
them feel nauseated (M = 2.88, SD = 1.80, p < 0.001, 
d =  −0.62), that it is against God’s will (M = 2.71, 
SD = 1.72, p < 0.001, d =  −0.75), that it makes 
the recipient human impure (M = 2.34, SD = 1.59, 
p < 0.001, d =  −1.04), that it is unsafe (M = 3.37, 
SD = 1.49, p < 0.001, d =  −0.42), or––most relevant 
to the focus of this paper––that it blurs the distinction 
between animals and humans (M = 2.94, SD = 1.83, 
p < 0.001, d =  −0.58).1 Additionally, participants 
disagreed that xenotransplantation would make a 
recipient less human (M = 2.22, SD = 1.60, p < 0.001, 

1  Nonetheless, participants did find xenotransplantation harm-
ful to animals (M = 4.84, SD = 1.70, p <.001, d = 0.50), and 
they were ambivalent about whether this procedure is “unnatu-
ral” (M = 3.98, SD = 1.85, p =.809, d =  − 0.01).

https://osf.io/wcf8x
https://osf.io/pxjkf
https://osf.io/pxjkf
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d =  −1.11), more similar to the animal the organ came 
from (M = 2.21, SD = 1.54, p < 0.001, d =  −1.17), or 
less morally valuable (M = 1.85, SD = 1.34, p < 0.001, 
d =  −1.61); they also disagreed that xenotransplanta-
tion would lead to changes in recipients’ thinking and 
reasoning (M = 2.10, SD = 1.49, p < 0.001, d =  −1.27), 
make the recipient less responsible for their behav-
iours (M = 1.82, SD = 1.38, p < 0.001, d =  −1.58), 
or cause the recipient to have more animal-like sen-
sory and emotional experiences (M = 2.08, SD = 1.52, 
p < 0.001, d =  −1.26).

Overall, the results of this study indicate that peo-
ple do not find typical cases of xenotransplantation 
to be immoral, to impact the moral status of organ 
recipients, or to introduce any inexorable confusion. 
However, perhaps focusing on the xenotransplanta-
tion of animal organs into human recipients sidesteps 
the potentially greater moral consequences implicated 
in creating chimeric animals with human organs. We, 
therefore, focus on this latter issue in our next two 
studies.

Study 2: Attitudes on the Moral Status 
of Human‑Pig Chimeras

Method

Participants (N = 249 adults from the United King-
dom) were recruited via Prolific, an online crowd-
sourcing site.  We excluded sixty-seven participants 
who failed at least one attention check, leaving 182 
participants for the final analyses (mean age = 37.3, 
48 men, 132 women).

Participants rated how much they morally valued 
various human-pig chimeras when compared to a stand-
ard pig and a standard human. To ensure that intrinsic 
rather than instrumental value was being assessed, par-
ticipants were asked whether pigs with human organs 
mattered morally more or less than a standard pig “in 
and of itself, irrespective of its value to humans,” and 
whether humans with pig organs mattered morally 
more or less than a standard human “in and of itself, 
irrespective of any harm to pigs.” Participants were 
asked to answer on a comparative scale where 1 was 
‘Much less’, 4 was ‘Exactly the same’ (as a standard 
pig or a standard human), and 7 was ‘Much more’. For 
a fuller description of the methods, including other 

questions that were asked, please see the Supplemen-
tary Materials.

Results

In line with the results of Study 1, we found no signifi-
cant differences in moral values accorded to humans 
with pig organs when compared to a standard human. A 
one-sample t-test against the midpoint 4 showed that—
compared to a standard human—participants did not 
assign less moral value to a human who was described 
as carrying a pig heart (M = 4.06, SD = 0.73; p = 0.46, 
d = 0.08), carrying a pig liver (M = 4.04, SD = 0.72; 
p = 0.65, d = 0.05), or carrying brain cells from a 
pig (M = 4.05, SD = 1.09; p = 0.69, d = 0.04). Hence, 
xenotransplantation did not reduce a human’s moral 
status in the participants’ view. We found, however, a 
tendency for people to assign a slightly higher moral 
value to a pig—compared to a standard pig—when the 
pig was described to carry a human heart (M = 4.25, 
SD = 0.08; p = 0.01, d = 0.29), a human liver (M = 4.21, 
SD = 0.79; p = 0.01, d = 0.26), or human brain cells 
(M = 4.66, SD = 1.08; p < 0.001, d = 0.61). Note, how-
ever, that while reaching statistical significance, 72.7% 
of participants chose the mid-point of 4, which indi-
cates “exactly the same” moral values.

Our results of Study 2 indicate that while animal 
organs do not make a human being less human in their 
moral status, there seems to be a possibility for ani-
mals to be somewhat enhanced in their moral status 
for carrying human organs. However, in this study, we 
asked participants very explicitly to directly compare a 
chimeric pig to a standard pig in its moral status, and 
still, we found only a small (yet significant) rise above 
the mid-point. We therefore conducted a third study to 
replicate and further investigate this effect, specifically 
beyond the case of pigs. In this third study, we focused 
on brain cells since these yielded the strongest effect in 
Study 2.

Study 3: Attitudes on the Moral Status 
of Human‑Animal Chimeras

Method

Participants (N = 339 adults from the United States) 
were recruited through Prolific. Based on a prereg-
istered decision, two participants were excluded for 
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admitting to not paying attention, six participants 
were excluded for failing an open-ended attention 
check, and one participant was excluded due to an 
indication that they had already completed the study. 
Additionally, there was a comprehension check at the 
beginning of the study, and respondents who failed 
(n = 45) were not allowed to participate and were 
replaced. This left a final sample of 330 participants 
for analysis (mean age = 41.7; 166 men, 155 women, 
6 non-binary/transgender/third-gender, 3 preferred 
not to disclose their gender).

Participants first read a description of human 
brain tissue implants in rats and answered some basic 
comprehension checks. They then answered ques-
tions assessing their perceptions of the moral status 
of chimeric animals, on scales with options ranging 
from 1–7, with 4 (the midpoint) indicating similar-
ity between chimeric and non-chimeric animals. 
Also using 7-point scales, participants rated their 
beliefs about whether implanting human brain tissue 
blurs the line between humans and animals, and their 
resistance to these scientific technologies. They also 
indicated how “human” various chimeras would be. 
Once again, we report only the most essential meth-
ods and findings here; for a description of additional 
measures and results, please see the Supplementary 
Materials.

Results

The results were partly in line with those of Study 2. 
Like in Study 2, there was a slight tendency for peo-
ple to think that having a human brain tissue implant 
makes an animal morally worth more than a “nor-
mal” animal (M = 4.20, SD = 0.77), which is statisti-
cally higher than the scale midpoint, t(329) = 4.79, 
p < 0.001, d = 0.26. The effect size was again rather 
small, however, and the modal response was clearly 
the scale midpoint (81.5% of participants). In addi-
tion, participants expressed more resistance to eating 
bacon from a pig with human brain tissue (M = 4.27, 
SD = 2.01) than bacon from a “normal” pig (M = 5.46, 
SD = 1.78); this difference was statistically signifi-
cant, t(329) = 12.07, p < 0.001, d = 0.66. Although 
this is only speculation, this latter tendency could be 
partly driven by people’s general resistance to unnat-
ural foods (e.g., GMOs) rather than any concern relat-
ing to altered moral status (Scott et al. 2018).

However, on our remaining items, we found evi-
dence that human brain tissue implants do not mean-
ingfully impact people’s perceptions of chimeric 
animals’ moral status. Beyond merely uncovering 
non-significant effects (in which there is not suf-
ficient reason to reject the null hypothesis), we con-
ducted equivalence tests to test for statistically sig-
nificant evidence of the lack of effects.2 We found 
that participants thought that animals with human 
brain tissue should have the same amount of moral 
rights as “normal” (non-chimeric) animals (M = 4.01, 
SD = 0.68); responses were statistically equivalent 
to chance responding, t(329) = 3.86, p < 0.001, with 
84.5% of participants choosing the scale midpoint on 
this item.3 Additionally, participants thought that it is 
similarly wrong to harm animals with human brain 
tissue and “normal” animals (M = 4.01, SD = 0.96); 
responses were statistically equivalent to the scale 
midpoint, t(329) = 4.01, p < 0.001, with 78.8% of par-
ticipants choosing the midpoint on this item.

Additionally, participants thought that it was 
equally permissible to perform scientific experiments 
on rats with implants of human brain tissue (M = 4.80, 
SD = 1.76) as on “normal” rats (M = 4.75, SD = 1.76); 
responses on these two questions were statistically 
equivalent to each other, t(329) = 4.97, p < 0.001. Par-
ticipants also thought it would be equally permissible 
to sacrifice chimeric rats (M = 3.25, SD = 1.95) and 
normal rats (M = 3.26, SD = 1.97). Responses to these 
two questions were statistically equivalent to each 
other, t(329) = 5.76, p < 0.001.

We further asked more directly about potentially 
blurred lines between humans and animals in the 
case of chimeras. Participants generally disagreed 
that implanting human brain tissue blurs the line 

2  Crucially, these questions asked people to make evaluations 
about “animals with human brain tissue implants” (with this 
term used in a generic sense and not indicating any particular 
species).
3  Equivalence tests provide a frequentist option for detecting 
the absence of a meaningful effect, by testing whether an effect 
is significantly lower than the smallest effect size of interest. 
For background on this approach, see Lakens, Scheel, and 
Isager 2018).
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between humans and animals (M = 2.01, SD = 1.00),4 
t(329) =  −36.18, p < 0.001, d = 1.99, again strongly 
casting doubt on Robert and Baylis’s central descrip-
tive assertion. Furthermore, participants were gen-
erally not resistant to these scientific technologies 
(M = 3.17, SD = 1.53),5 t(329) =  −9.88, p < 0.001, 
d = 0.54.

Finally, participants typically regarded animals 
with human brain tissue as being 0% human; this 
was the modal response given for rats (76.7% of par-
ticipants), pigs (75.2% of participants), and chimpan-
zees (73.3% of participants). The average percentage 
(across the three items) was 3.78% (SD = 12.02%). 
In conclusion, in this more elaborate study on the 
moral status of animals containing human organs, 
we observed little to no perceived blurring between 
human and non-human animal kinds.

Discussion

Recent scientific breakthroughs in xenotransplanta-
tion and human-animal chimera research have inten-
sified discussions about the ethics of the creation and 
treatment of human-animal chimeras. In those dis-
cussions, arguments and claims often implicitly or 
explicitly rely on empirical assumptions about how 
people think about or will react to human-animal chi-
meras. We inform this debate by empirically testing 
some of these assumptions in three studies. Specifi-
cally, we sought to bring psychological data to bear 

on the issue of whether bioethicists can reasonably 
expect that chimeras will create a form of moral con-
fusion amongst the general public.

Taken together, our three studies indicate that lay 
people find typical forms of xenotransplantation mor-
ally unproblematic. In our first study, people believed 
that the moral status of humans remains unchanged 
upon obtaining an organ transplant from an animal. 
Thus, when it comes to the moral status of humans 
with animal cells, tissues, or organs, there is no indi-
cation that people will be morally confused.

It  is worth noting that our findings about public 
attitudes toward xenotransplantation may be influ-
enced by how these technologies are presented in lay 
media. While current xenotransplantation involves 
specific genetic modifications (such as the addition 
of human genes to pig organs), media coverage often 
focuses on the transplant procedure rather than the 
genetic modification aspects. Future research could 
investigate whether more detailed understanding of 
the genetic modifications involved would affect pub-
lic moral evaluations of these procedures.

What about the moral status of animals contain-
ing human cells, tissues, or organs? Here our evi-
dence is more mixed. The results of Study 2 suggest 
the moral status people assign to animals is some-
what more flexible depending on whether the ani-
mals obtained human tissues or organs or not. Peo-
ple tend to accord a slightly higher moral status to 
pigs with human organs compared to standard pigs 
and a slightly higher moral status still to pigs with 
human brain cells compared to pigs with human 
organs. Results from Study 3, on the other hand, 
only partly replicated these findings. The study sug-
gests that people do not accord a higher moral status 
to animals with human brain tissue, at least where 
there is no clear expectation that this will enhance 
their cognitive capacities. Perhaps most strikingly, 
most participants regarded animals (including chim-
panzees) with human brain tissue as being zero per 
cent human.

That pigs with human brain cells were assigned a 
somewhat higher moral status than pigs with human 
organs might be explained by the tendency of lay peo-
ple to accord moral status based not only on species 
membership but also, and independently, on cognitive 
capacity (Caviola et  al. 2022). Thus, the pigs with 
human brain cells may have been assigned a higher 
moral status because participants thought that this 

4  This composite variable was created by averaging across 
three items: “Implanting rats with human brain tissue also 
imparts them with a human ‘essence’,” “If human brain tissue 
that had been implanted into a laboratory rat were to later be 
transplanted into a person who was suffering from a neurologi-
cal condition, that person would become less human,” and “If 
a chimpanzee were to receive a human brain tissue implant (in 
a way that didn’t impact the chimpanzee’s psychological func-
tioning), this would blur the distinction between animals and 
humans” (α =.74).
5  This composite variable was created by averaging across 
four items: “I feel grossed out by thinking about rats with 
human brain tissue,” “Scientists should not implant human 
brain tissue into rats under any circumstances,” “If I needed to 
have an implant of brain tissue for medical reasons, I would 
be OK with getting an implant from a pig” (reverse scored), 
and “If I needed to have an implant of brain tissue for medical 
reasons, I would be OK with getting an implant from a chim-
panzee” (reverse scored) (α =.88).
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may potentially lead to enhanced cognition; indeed, 
past research has suggested that people give greater 
weight to perceived cognitive capacity in the case of 
animals, while giving greater weight to species mem-
bership in the case of humans (Caviola et  al. 2022). 
In Study 3, such potentially enhanced cognition was 
explicitly ruled out, and this arguably explains why 
animals with human brain tissue were not accorded 
a higher moral status. Importantly, however, though 
cognitive capacity has been found to be an independ-
ent contributor to moral status on lay views, it does 
not trump species membership, implying that, for 
example, a human with low cognitive capacities will 
typically be assigned a higher moral status than an 
animal with higher cognitive capacities (Caviola et al. 
2022). Thus, even if people assigned a much higher 
moral status to a human-animal chimera with poten-
tially significantly enhanced cognitive capacities, this 
need not at all threaten humans’ moral status (as those 
worrying about moral confusion fear), since for most 
people species membership trumps cognitive capaci-
ties as a criterion for moral status. In other words, as 
long as cognitively enhanced human-animal chime-
ras are still considered animals, confusion about their 
moral status is very unlikely.

Moreover, it is worth noting that animals’ cog-
nitive capacities could potentially be enhanced in 
more direct ways that do not involve human-chimera 
technology (e.g., through genetic modification with-
out using human cells). While our studies did not 
directly compare how people would view animals 
with enhanced cognition achieved through different 
methods, this raises an interesting question for future 
research: whether people focus more on the result-
ing cognitive capabilities or on how these capabili-
ties were achieved. In our current findings, pigs with 
human neurons were still fundamentally regarded 
as animals, albeit with a slightly higher moral status 
because of their capacities. The elevation in moral 
status may be comparable to how people generally 
tend to accord a different moral status to animals 
based on their cognitive capabilities (e.g., placing 
chimpanzees above ostriches). It may be the potential 
for enhanced cognition, rather than the human origin 
of the enhancement, that drives these moral status 
judgements. This suggests that the human compo-
nent of the chimeras does not seem to be doing any 
real work when people assign a higher moral status to 
pigs with human neurons.

The question remains, however, why pigs with 
human organs were being accorded a slightly 
increased moral status compared to normal pigs in 
Study 2 (though, again, animals with human brain 
tissue were not accorded a higher moral status com-
pared to normal animals in Study 3). We know that 
lay people tend to accord moral status primarily based 
on species membership (i.e., belonging to the human 
species gives you the highest moral status), and Study 
3 suggests that people think that animals with human 
tissue are zero per cent human. Thus, though animals’ 
moral status may be slightly elevated if they contain 
human tissues or organs, they are still categorically 
classified as animals. We found no evidence at all for 
confusion on this crucial point.

To the extent that the slight elevation in the moral 
status of pigs with human organs we found in Study 
2 reflects a genuine phenomenon, it could perhaps be 
explained by the fact that people value humans and 
human cells, tissues, and organs above pigs (and ani-
mals in general) and their cells, tissues, and organs. 
So, though animals with human parts are not consid-
ered human, they have parts that make them more val-
ued. This might be in line with the special moral sig-
nificance widely attributed to human body parts—for 
example, that of the deceased—which is very differ-
ent from that attributed to the body parts of animals.

Our studies focused on broadly realistic forms of 
animal-human chimeras of the kinds currently being 
developed or discussed. They cannot rule out that 
more radical forms of chimeras would cause genuine 
moral confusion—for example, chimeras involving 
animals consisting of far more human cells, tissues, 
or organs, which therefore might be more challeng-
ing to categorize as either human or animal. Future 
research could investigate this possibility. Likewise, 
when considering the ethics of xenotransplanta-
tion, people’s views may be affected by the number 
or sort of animal organs that are transplanted, and 
further work could investigate whether there is a tip-
ping point at which a human who has an increasing 
number of animal organs is eventually perceived 
as less human. For example, In Study 1, we only 
tested for transplants of animal hearts and kidneys. 
It is certainly possible that the transplantation of an 
entire pig brain into a human body would be genu-
inely confusing, though it is also worth noting that 
people generally do not hesitate to ascribe full moral 
status to actual humans whose cognitive capacities 



742	 Bioethical Inquiry (2025) 22:733–744

Vol:. (1234567890)

are broadly similar to those of some animals. While 
the present studies do not cover these more radical 
possibilities, it remains the case that these currently 
belong to the realm of science fiction and are not 
particularly relevant to the current bioethical debate 
about the ethics of human-animal chimeras.

While this paper focuses on testing the empirical 
assumptions of the moral confusion argument, our 
findings have broader implications for xenotrans-
plantation policy and implementation. There exists, 
however, a notable gap between public views and 
bioethical positions on animal moral status (Kop-
lin 2023). This raises questions about how to weigh 
public attitudes in policy decisions, particularly 
when these may reflect unchallenged speciesist 
biases. While these questions about the relation-
ship between public opinion and morally grounded 
policymaking are important, they require separate 
analysis beyond this paper’s scope.

Note also that while our studies examined atti-
tudes toward xenotransplantation and human-animal 
chimeras more generally, we did not specifically 
investigate attitudes toward exotransplantation—the 
transplantation of primarily human organs grown in 
animals into human recipients. This type of trans-
plantation might elicit different moral intuitions and 
reactions from the public. For example, people might 
view these organs as more human than the animal 
organs used in xenotransplantation, potentially rais-
ing different questions about moral status and species 
boundaries. Future research could specifically exam-
ine public attitudes toward exotransplantation.

It also bears mentioning that, across our three 
studies, the moral values of chimeric and non-chi-
meric individuals remained virtually identical, and 
the slight tendency we observed for animals to be 
enhanced in their abstract moral value by human 
(brain) tissue and organs did not translate into a 
more tangible difference in perceived rights or non-
permissibility to harm. Thus, to the extent that the 
presence of human cells does somewhat alter the 
perceived moral status of animals, this effect might 
nevertheless have little to no practical import.

Conclusion

Like other dramatic biomedical advances, the develop-
ment of human-animal chimeras raises important ethical 

questions. One aspect of these questions relates to the 
way such chimeras would be perceived by the general 
public. Whether or not those public perceptions reflect 
robust ethical arguments, they can significantly affect 
the reception of those biomedical developments and 
lead to adverse consequences. Robert and Baylis have 
argued, in that vein, that human-animal chimeras will 
generate serious confusion about moral status and that 
this risk is a serious worry about continuing such bio-
medical research. It is important to recognize that this 
is an empirical claim, a claim that ultimately needs to 
be supported, or rejected, with empirical evidence. The 
studies reported here aimed to test this claim. Across 
three studies, we found no evidence that the public finds, 
or will find, human-animal chimeras confusing, or that 
they have the potential to challenge common concep-
tions of moral status.
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