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Abstract

Synthetic cells constructed bottom-up represent a novel direction in Synthetic Biology. It
has the potential to deepen the scientific understanding of life and, in the longer run, to
open up new pathways for medical and environmental applications. Mapping preliminary
public attitudes towards emerging technologies is an important step to further societal
discussion and stakeholder participation. We conducted a vignette survey with nationally
representative samples from 13 European countries (Czech Republic, France, Germany,
Greece, Hungary, ltaly, the Netherlands, Poland, Romania, Spain, Sweden, Turkey, and
UK; N = 8,382) to explore public attitudes towards prospective synthetic cell technologies,
such as anticancer therapy, CO, emissions conversion to biofuel, and industrial waste
recycling. Using data-driven techniques, we built a decision tree model of the factors
affecting participants’ attitudes and summarized the prevalent themes behind one’s
motivation. Our findings suggest substantial public support for prospective synthetic cell
applications in the societally beneficial fields, most notably in healthcare.

Introduction

Synthetic cell (SC) research is part of a larger field of synthetic biology (SynBio), which is
emerging as an important direction in biotechnology. In SynBio, multidisciplinary science
meets engineering to re-design existing biological systems or components and build new ones
[1-4]. The engineering approach is used to obtain desired functions or specifications and
serves two main goals: to gain a detailed understanding of biological mechanisms, and to pro-
duce useful bio-based applications and materials [5]. Designing autonomous self-reproducing
SCs should first of all address important questions concerning how life works, but also allow
for practical applications [6]. In a top-down approach to SCs, a living bacterium’s genome

is replaced with a minimized synthetic one, reprogramming the cell and making space for
designed elements and functions [7-9]. In contrast, the bottom-up approach aims to con-
struct all elements of functional self-sustaining SCs from scratch, using non-living molecular
components (natural or artificial), and reconstituting transition of matter into a living state
[10,11]. This endeavor has potential to create new forms of life and may be considered a
“threshold technology” with unique benefits and concerns [12,13]. Bottom-up SCs, therefore,
entail a more radical version of SynBio, an ontological experiment even [14].

PLOS ONE | https://doi.org/10.1371/journal.pone.0319337  February 27, 2025

1/25



http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0319337&domain=pdf&date_stamp=2025-02-27
https://doi.org/10.1371/journal.pone.0319337
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.17605/OSF.IO/2H54A
https://doi.org/10.17605/OSF.IO/2H54A
https://orcid.org/0009-0007-5157-5129
mailto:o.rook@tudelft.nl

PLOS ONE

Public attitudes to potential synthetic cells applications

analysis, decision to publish, or preparation of
the manuscript.

Competing interests: The authors have
declared that no competing interests exist.

While the direct goal of bottom-up SCs is to shed light on the mechanisms and origin of
life, this ground-breaking research may lead to novel bio-compatible and sustainable technol-
ogies in the near future. Those innovations could help address global problems (e.g., envi-
ronmental or healthcare issues) [6,15-17], but might also bring about unknown ecological,
societal, and ethical consequences. An anticipatory approach is essential to assess and decrease
possible risks and to maximize benefits [18]. This includes not only standard risk assessment
and regulatory strategies, but also citizen participation in SCs discussion [19,20]. Exploratory
studies such as the current survey could set the ground for further steps in this direction.

To our knowledge, no studies so far specifically addressed public attitudes to SCs or poten-
tial SC-based technologies. Research on the public attitudes towards SynBio provides us with
general background and insights into how people view the promises and risks of the emerging
SynBio technologies both in general and in specific fields [21]. For example, medical, envi-
ronmental and biofuel applications had typically been viewed as acceptable [22-28], whereas
(agri)food applications less so [24,26,29]. How would publics react to technologies involving
SCs? Would the creation and use of artificially-made cellular life mean crossing an ethical
threshold? The existing SynBio studies offer limited and seemingly contradictory cues here. In
a US focus group study, participants expressed negative reactions to the idea of “constructing”
and releasing into one’s body or into environment something that had not existed in it before
[30]. In a subsequent telephone survey, more than a quarter of respondents agreed with a
statement that “it is morally wrong to create artificial life” [24]. Conversely, in a large recent
Australian survey, an entirely artificially designed pseudo-organism received the strongest
public support (and only 3% of responses with intrinsic critical claims) compared to known
species that had been genetically edited or engineered [31,32]. Likewise, in a 2020 Chinese
survey on SynBio food applications, the respondents were less sensitive to the use of artifi-
cial genes than genes from other species [33]. All this suggests that one cannot automatically
transfer insights on public attitudes towards SynBio to SCs. Synthetic, artificial cells and their
applications warrant research as a distinct technology.

This study presents the findings on public acceptance of potential SC-based technologies
from a cross-national online survey (N = 8,382). The survey with nationally representative
population samples from 13 European countries (Czech Republic, France, Germany, Greece,
Hungary, Italy, the Netherlands, Poland, Romania, Spain, Sweden, Turkey, and UK) was con-
ducted in 13 languages. Each participant was randomly assigned to one of the three vignettes
(scenarios) featuring “an imaginary story” placed somewhere in the future and involving SC
applications: an anticancer treatment, a conversion of power plant CO, emissions to biofuel,
and industrial waste recycling (Fig 1). These technically plausible potential applications were
inspired by recent SynBio research [16,34,35] and focus on the fields prioritized by the public
in the above-mentioned studies of SynBio perceptions. There was no emphasis on technical
features, and no educational component: partly because such technologies do not (yet) exist
and partly to assess, whether mentioning artificial/synthetic versions of biological units such
as cells would evoke concerns on their own, rather than due to specific detail. Our vignettes
embedded questions in practical context, which is appropriate for exploring attitudes rather
than conceptual evaluation. The participants had to report whether they found acceptable the
decision made in the story to use a SC-based application and whether they would have made
the same decision. The questions thus involved normative and decision-making aspects per-
taining to an individual (therapy), an industrial regulatory body (industrial application) and
to government (CO, emissions conversion). All scenarios presented novel technologies where
the risks are not fully calculable, and decision-making involves some uncertainty.

The survey allowed us to assess the initial public attitudes towards the SCs and their usage
in societally relevant areas, to understand which potential applications might gain most public
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Fig 1. Survey vignettes. 1. Anticancer therapy with SCs. 2. Conversion of power plant CO, emissions to biofuel using a SCs installation. 3. Industrial waste recy-
cling into a valuable chemical using SCs. Created with BioRender.com.

https://doi.org/10.1371/journal.pone.0319337.9g001

support, to explore individual and cultural characteristics associated with these attitudes
and review the motivation behind responses. This exploratory study may be regarded as a
pre-consultation of the publics and a preparation for a more in-depth dialogue with societal
stakeholders. Our findings may be relevant for scientists, public organizations, media, entre-
preneurs, and policy makers involved in the biotechnology-related decision-making, regula-
tion, and legislation.

Methodology
Sampling and data collection

We conducted a cross-sectional online survey in Czech Republic, France, Germany,
Greece, Hungary, Italy, the Netherlands, Poland, Romania, Spain, Sweden, Turkey, and UK

PLOS ONE | https://doi.org/10.1371/journal.pone.0319337  February 27, 2025 3/25



BioRender.com
https://doi.org/10.1371/journal.pone.0319337.g001

PLOS ONE

Public attitudes to potential synthetic cells applications

(N = 8,382; 590-740 respondents per country). The countries were selected to represent
different regions and cultural traditions across Europe. Survey participants were recruited

by the panel agency Bilendi (ISO 20252-certified) from their panels in Western Europe and
their partners’ panels in Eastern Europe, Greece, and Turkey. All participants received a small
remuneration for their time in the form of “points” exchangeable for gifts in the online panel
shop. Quotas on gender, age and education distributions ensured representativeness of each
country’s adult national population (the participants’ socio-demographic characteristics per
country are presented in S1 Table in online Supplementary Information). Individuals younger
than 18 years old were not eligible for the survey and were additionally screened out. The data
were collected in Qualtrics between July 3 and September 1, 2023. A total of 8,413 individuals
took part in the survey (excluding incomplete entries and obvious speeders). The survey took
3.4 minutes on an average to complete. Several invalid entries were removed from the dataset
resulting in 8,382 responses (S2 Table provides an overview of the exclusion criteria and
invalid entries; the identifiers of the entry numbers are anonymized).

Research design

The participants were informed that the goal of the study was to examine the attitudes
people may hold about possible future technologies based on synthetic cells. After provid-
ing informed consent, the participants reported their gender, age category, education and,
optionally, religion. Then they were presented with “an imaginary story” placed a few years
from now. Each respondent was randomly assigned to one of the three vignettes featuring a
potential technology. On a 5-point Likert scale, respondents reported whether they (1) found
the decision in the story to use a SC-based application acceptable, and (2) if they would make
the same decision in the same situation. They were also invited to comment why they agreed
or disagreed with the decision made in the story. The Likert scale scores in the dataset were
assigned numeric values: -2 for extremely unacceptable (Q1) or unlikely (Q2), -1 for some-
what unacceptable/unlikely, 0 for neither unacceptable/unlikely, nor acceptable/likely, 1 for
somewhat acceptable/likely, and 2 for extremely acceptable/likely.

Vignettes and questionnaire

The vignettes featuring hypothetical SCs applications were developed based on the recent SC
and SynBio advances. The choice of applications was determined by the plausibility of their
short-term development given the current state of research [16,34,35], and by restricting our
focus to several societally beneficial fields that had already been prioritized by participants

in previous studies of SynBio perceptions [22-28]. The selected vignettes were approved by
several researchers in the SC field we consulted.

Each vignette presented SCs as the basis of a novel technology, stressing their human-made
origin (“artificially designed”, “specially designed”) and stating their function in each applica-
tion. The term “synthetic cells” was used in all vignettes. No educational content on SCs was
added, since we aimed to assess the participants’ most immediate attitudes, not affected by
additional information or discussion. This would also allow evaluating how salient, onto-
logically disturbing, or ethically sensitive the idea of artificial cells may appear as such. We
avoided technical language and performed Fleisch-Kinkaid readability tests to ensure that
participants with lower education could easily understand all stories. To keep the vignette texts
as emotionally neutral as possible and to avoid priming, we tested our wording for emotion
and objectivity dimensions using LIWC linguistic software. The resulting vignettes were pre-
sented and discussed with the research community during a biannual national SC consortium
conference, cross-validated using anonymous online form, and adjusted.
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This procedure yielded the following scenarios of SC use, for which the participants had to
evaluate the acceptability of the decision and the likelihood one would have made the same
choice:

(1) “Mike has cancer. The therapy he received some years ago does not work for him any
longer. His doctor informed him about a new treatment. Mike can get an injection of
artificially created cells into the cancerous area. These synthetic cells can sense the cancer
cells and destroy them by producing a drug. This should not affect healthy cells. Mike
decides to undergo this therapy”

(2) “A European country wants to reduce the greenhouse effect. A new technology uses arti-
ficially designed cells to absorb greenhouse gas and turn it into biofuel. Units with such
synthetic cells can be placed at factories and power plants. The government approves this
technology”

(3) “A new technology can be used to break down some types of industrial waste. Specially
designed synthetic cells can be placed at a factory to break down its waste and convert it
into a chemical. No greenhouse gas is released during this process. The resulting chemical
serves as raw material for making resins, plastic, and medicines. The authorities approve
this technology.”

The original questionnaire was designed in English. Translations into the other 12 lan-
guages were performed by native speakers, mostly fellow researchers. The translators received
written instructions on the desired level of simplicity and neutrality of wording. Translations
involved at least 2 native speakers for each language to verify the correctness of the translation
and to make adjustments, when needed. The resulting texts were translated back into English
using DeepL and GoogleTranslate, and any ambiguous or unclear passages were meticulously
reviewed with native speakers. The full questionnaire and its translations are publicly available
in the study data package at the OSF repository.

Analysis

The data exported from Qualtrics was organized with Microsoft Excel. Statistical analyses
were carried out in SPSS (v. 27). Descriptive statistical analysis included group means compar-
ison and frequency distribution. We also performed decision tree analysis. For topic mod-
elling, we used ConText (v. 2.0) text analysis software developed at the University of Illinois
Urbana Champaign [36,37] based on MALLET language toolkit LDA implementation [38].
Visualization of integrated topic modeling and sentiment analysis was conducted in ConText
using MPQA Subjectivity Lexicon [39]. Word clouds were made in ATLAS.ti (v. 24.1.0). Addi-
tionally, we used manual lexicon-based quantitative and qualitative analysis to evaluate several
underrepresented topics.

Decision trees

Having a large sample with multilevel categorical independent variables (which may have
non-linear relations between them), only two dependent variables (ordinal ones), and no
explicit hypotheses to test, we have chosen a data-driven approach to explore the survey

data. Decision tree (DT) analysis is an ML technique which can capture complex and flexible
relationships between variables in large datasets [40-43]. DT algorithms employ recursive
partitioning and divide the sample into subgroups homogeneous with respect to the depen-
dent variable [40]. In a sequence of decision steps (nodes) based on heuristic search through
independent variables (predictors), the data is split into “branches”. The sequence of predic-
tors reflects the rules governing the data and provides a predictive model [40,42]. Overfitting,
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when the model cannot generalize to new data, is a common concern of predictive models
including decision trees [42]. Various strategies could be used to avoid it. We performed a
DT analysis using CHAID algorithm. It defines the statistical significance of independent
variables and splits the data based on chi-square test. The CHAID method uses pre-pruning
reducing the risk of overfitting, is optimal to use with categorical independent variables, and
had been tested to provide accurate results [44]. Independent variables loaded into the DT
model included application, gender, age, education level, religion, and country. Dependent
variables were the Likert scale scores for SC application acceptability and willingness to use.

Topic modeling

Topic modeling (TM) is a text mining technique that reveals underlying patterns of term
(word) usage by clustering highly co-occurring words into topics [45]. To uncover prominent
themes in the participants’ comments, we implemented the LDA (Latent Dirichlet Alloca-
tion) algorithm: a generative unsupervised probabilistic NLP technique based on a Bayesian
inference to estimate document-topic and topic-term distribution [46]. It assumes that each
document within the corpus may include a mixture of topics, and each topic an overlapping
combination of words. This approach appears well-suited for a survey, where participants
could express mixed attitudes behind their choices. Short texts could be more challenging

for TM. LDA was tested against the other TM methods with short texts (such as social media
data, online comments, and reviews) and yielded the best results, along with the non-negative
matrix factorization [47]. Using ConText TM software, we compared public reactions to the
three scenarios featuring specific SC-based applications.

The cleaned data went through pre-processing such as lemmatization and stop-word
removal (S1 Fig outlines the TM procedure). With TM methods, one needs to define the
number of topics and the number of words per topic in advance, which typically requires
exploration for the best fit. Our choice of topic number was guided by the overall topic
interpretability, stability (identical or nearly identical word combination for all topics across
multiple runs) and consistent topic weight (relative prominence). We used a term-centered
approach to evaluate topic stability and tested it across 11 algorithm runs for each vignette-
based sub-corpus. Defining 8 topics for the medical scenario, 4 for carbon emission conver-
sion and 3 for waste recycling, with 9 words per topic, yielded meaningful topics with high
term stability across runs. Increasing the number of topics (and also decreasing it, in case of
therapy scenario) led to confusing and uninformative topics. We applied Xa = 5 (a parameter
controlling topic distribution within a document) with 3,500 iterations. Log-likelihood per
token (i.e., per word) was used to estimate the overall model fit.

Ethics

Ethics approval was granted by the Research Ethics Review Committee of the Erasmus School
of Philosophy, Erasmus University Rotterdam (reference: ETH2223-0601). The online survey
participants (panel members of a research panel agency) were presented with information
about the study and provided informed consent before proceeding to the survey questions.

Results
Descriptive statistics

Most of the survey respondents expressed some degree of support for potential SC-based
use featured in the vignettes. Strong acceptance ranged between 29-32% for CO, conver-
sion and waste recycling and 52% for anticancer treatment (Fig 2). Together, moderate and
strong acceptance for these applications amounted to 68-69% and 82%, respectively. Neutral
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position was more often reported for CO, conversion (21%) and waste recycling (19%) and
was 11% for SC-based therapy. Strongly negative attitudes were reported by 3 to 6% of respon-
dents. Cumulatively, 7 to 12% of participants found SC-based applications either strongly or
somewhat unacceptable. Willingness to use such applications remained consistent with the
acceptability results, with a slight variation: 2-3% less respondents expressed strong support
and 2-3% more chose a neutral answer (Fig 3).

We compared the mean acceptability scores for SC-based applications per demographic
category and per country (for detail, see S5-S9 Tables and S2-S8 Figs). Mean scores per gender
did not differ for medical application (M = 1.25; SD = 0.98 for females and 1.01 for males) but
males had slightly higher mean scores for the other two applications (with M = 0.91-0.95 vs.
0.72-0.73; SD = 1.11, 1.10, 0.72 and 0.73, respectively).

Mean acceptability scores for SC-based therapy increased with age: from 1.02 for 18-24 age
category (SD = 1.14) to 1.37 for 65+ age group (SD = 0.93). The mean score difference per
age was less pronounced for other applications, ranging from 0.78 to 0.96. For participants’
education, mean scores had shown a distinct pattern growing with the increase in education
level. For medical application, the mean score increased from 1.13 in lower education category
(SD = 1.08) to 1.41 in higher education group (SD = 0.88). For CO, conversion and waste

Anticancer ‘
Conversion of
CO2 emissions B 21%
to biofuel
Industrial ’
waste 6% 19%
recycling

I Extremely unacceptable [ Somewhat unacceptable Neutral
[! Somewhat acceptable B Extremely acceptable

Fig 2. Acceptance of synthetic cell-based applications.
https://doi.org/10.1371/journal.pone.0319337.9002

Anticancer

therapy B8 13%

Conversion of
CO2 emissions 4% 24%
to biofuel
Industrial
waste 5% 22%
recycling
Il Extremely unlikely [ Somewhat unlikely Neutral
[ Somewhat likely B Extremely likely

Fig 3. Willingness to use synthetic cell-based applications.

https://doi.org/10.1371/journal.pone.0319337.9003
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recycling it increased from 0.67-0.69 (SD = 1.19 and 1.16) to 1.00 and 1.03 (S§D = 0.98 and
1.06).

Religion was reported by 87.9% of the survey participants. The highest acceptance rates
for SC-based therapy were reported by Protestant respondents (M = 1.39; SD = 0.92), fol-
lowed by Muslim and non-religious participants. Muslim and Orthodox Christian respon-
dents had, respectively, the highest and the lowest mean acceptance for SC-based industrial
waste recycling (M = 1.01; SD = 1.29 vs. M = 0.66; SD = 1.16). For CO, conversion, the
acceptance was the highest for non-religious and Protestant participants (M = 0.94; SD =
0.97 and M = 0.88; SD = 1.05) and the lowest among the Muslim respondents (M = 0.66;
SD = 1.46).

At a country level (Fig 4), the highest acceptance scores for a SC-based therapy were
reported in Spain and Hungary (both M = 1.45; SD = 1.01), followed by Germany (M = 1.43;
SD = 0.93). The lowest scores were reported in Sweden (M = 0.95; SD = 1.04), followed by
France (M = 1.04; SD = 1.10) and the Netherlands (M = 1.07; SD = 1.06). Spain had the high-
est scores for both CO, conversion (M = 1.10; SD = 1.06) and waste recycling (M = 1.09; SD
= 1.05). The second highest acceptance rate for industrial waste recycling was in Turkey (M
= 1.06; SD = 1.28), and for CO, conversion in the UK (M = 0.96; SD = 1.00). France had the
lowest rating for industrial waste application (M = 0.50; SD = 1.20), and Turkey for SC-based
CO, conversion (M = 0.62; SD = 1.51).

1.6

14

1.2

1.0

0.8

0.6

0.4
Ccz DE ES FR GR HU IT NL PL RO SE TR UK

-@-Anticancer therapy  -®-Conversion of CO2 emissions to biofuel = -@-Industrial waste recycling

Fig 4. Synthetic cell applications acceptance per country. The x-axis presents countries: Czech Republic (CZ), Germany (DE), Spain (ES), France (FR), Greece
(GR), Hungary (HU), Italy (IT), Netherlands (NL), Poland (PL), Romania (RO), Sweden (SE), Turkey (TR), United Kingdom (UK). The y-axis shows 5-point Likert
scale scores recoded to numeric values: with -2 for “extremely unacceptable”, -1 for “somewhat unacceptable”, 0 for “neither unacceptable, nor acceptable”, 1 for
“somewhat acceptable”, and 2 for “extremely acceptable”. The reported scores varied between 0.5 and 1.45.

https://doi.org/10.1371/journal.pone.0319337.9004
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Decision trees

In a DT analysis of the perceived acceptability of potential SC-based technologies, applica-
tion type was identified as the root node. It split in two branches: for the two environmental
applications combined, and for anticancer therapy (S9 Fig). The node for environmental
applications was further split into three subgroups based on education levels. The largest of
these nodes corresponded to the middle education level, with moderate acceptance score as
the leading response (M = 0.81; SD = 1.06). This node further split in two branches based on
gender, where male respondents provided higher acceptance scores than females (M = 0.93;
SD = 1.07 vs. M = 0.69; SD = 1.04). The higher education group had the most “highly accept-
able” scores (M = 1.01; SD = 1.01) and was subdivided in two nodes based on gender (M =
1.15; SD = 0.99 for males, vs. M = 0.88; SD = 1.02 for females). The lower education node had
lower acceptance scores with moderate and strong acceptance prevalent but with slightly more
neutral and negative answers (M = 0.68; SD = 1.17).

The node for the medical application split into three country branches. The first country
node included 6 out of 13 countries (Czech Republic, Germany, Hungary, Spain, Turkey,
and UK) where most respondents found SC-based therapy “highly acceptable”, with the
mean score of 1.41 (SD = 0.95). The second country node included France, Netherlands, and
Sweden where SC treatment was found “somewhat acceptable” almost as often as “highly
acceptable” (M = 1.02; SD = 1.07). The third country node included Greece, Italy, Poland, and
Romania with scores “in between” (M = 1.21; SD = 0.95). Each of these nodes, in turn, split in
2 other branches based on education. For the first two country subsections, middle and lower
education group responses were placed together, whereas for the third country node, middle
and higher education groups fell under the same node. Again, higher education levels corre-
sponded to higher acceptance scores.

In the DT for perceived willingness to use SC-based applications the data also first divided
based on applications (S10 Fig). For environmental applications, the branch pattern was simi-
lar to the acceptance DT, except for the lower education subsection, which then split into three
country-based groups. In Czech Republic, Romania, Spain, Turkey, and UK high acceptance
was still prevalent among the respondents with lower education (M = 0.80; SD = 1.20). In
Germany, Greece, and Italy it was often moderate and neutral (M = 0.60; SD = 1.10), whereas
in France, Hungary, Netherlands, Poland, and Sweden it was the lowest for this population
group (M = 0.37; SD = 1.13). Willingness to use SC-based therapy split in 4 branches depend-
ing on age: 45-64 years old (M = 1.25; SD = 0.99), 25-44 (M = 1.10; SD = 1.04), 18-24 (M
= 0.91;SD = 1.17), and 65+ (M = 1.37; SD = 0.87). The 25-44-year-old group further split
into nodes with middle and lower education (M = 1.02; SD = 1.08) and higher education (M
= 1.28; SD = 0.93). Finally, the 65+ node split in two subgroups: the smallest node included
respondents who did not answer the question on religious affiliation or indicated “other” (M
= 1.06; SD = 1.02), whereas the main node comprised all major religions along with being
non-religious (M = 1.42; SD = 0.83).

Topic modelling

The survey participants commented on their decision using open text boxes (it was not com-
pulsory). To review key themes in a large corpus of text entries (N = 7,770) we employed topic
modeling (TM). Word clouds in Figs 5-7 illustrate which words appeared most frequently in
reactions to which scenario. Our TM exploration identified 8 topics for the therapy scenario,
4 for CO, emission conversion, and 3 for industrial waste recycling vignette. The LL/Token
measure ranged between -6.63 for therapy and -6.41 for waste recycling scenario, indicating
good fit. The topics with the correlated top words, topic weight and frequency within the
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reactions to the vignette (n = 2,688), with word size reflecting its frequency.

https://doi.org/10.1371/journal.pone.0319337.9005

corpus are presented in S10-12 Tables; integrated visualization of the topics with sentiment
analysis elements is available in S10-12 Figs. Making sense of the topics is an interpretative
process. To label and illustrate the topics, we will provide examples based on LDA tables of
individual comment per topic fit (we preserved the original grammar).

Anticancer therapy. The dominant theme identified in 35% of all comments could be
labeled as “a decision to use one’s chance to live, a hope”. Typical statements included: “many
people with cancer have nothing to lose, every possible new therapeutic approach would be a
ray of hope” (DE-234), “because chances are the new treatment will cure him” (CZ-048). The
second topic with 18% of responses viewed SC treatment as “an alternative therapy when the
old treatment is no longer effective”, e.g.,: “if conventional treatment does not work, the only
option is to receive a new experimental treatment or give up” (ES-139), “since the therapy
taken years ago was no longer working I see no reason not to try this other alternative” (IT-
040). The third topic (14% of comments) could be defined as “saving or prolonging one’s life
is worth it”. Typical responses included: “to have a healthy life it’s worth the risk, you have a
chance anyway” (RO-073), “if I can regain normal living conditions, why not, life is worth
living” (TR-292), “the instinct for life is the strongest human emotion” (TR-166). The fourth
topic involving 10% of reactions refers to “a personal decision in hard situation”, e.g.,: “the
decision is up to the patient depending on what they think is best for them” (GR-050), “very
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vulnerable situation, desire to live on makes the decision reasonable” (SE-681). The fifth topic
(8% of comments) mentioned potential “side effects: could artificial cells affect healthy cells?”,
e.g.,: “these cells can produce a drug to destroy cancer cells, but it’s not clear whether there
will be any side effects, or whether these artificial cells are really effective... Nothing is 100%
certain” (FR-622), “the injection sounds worthwhile till you read that it ‘should not” affect
healthy cells. This last bit would concern me, and I would want to know more” (UK-257). The
s “trust in doctors and medical research”, such as
the following reactions: “the development in medical science is rapid and I trust it, after all, if
something new is not tried how will they discover cures..” (GR-341), “I am confident in the
development of medicine and related disciplines” (HU-014). The seventh topic (5%) reflected
that “information is needed on possible side effects”. This topic was less stable across the
algorithm runs, sometimes replaced by themes like “treatment for a life-threatening disease”
or “grabbing at a straw” (such topics were not discerned, however, if a larger number of topics
was chosen). Examples included: “I miss more info. Side effects, consequences, prognosis”
(NL-481), “it depends how much research has gone into the new therapy and what the side
effects are but I would like try it (UK-326), “I think there is too little about possible side
effects” (SE-320). Finally, the eighth topic (3%) mentioned “avoiding chemotherapy”: “the
method seems to reduce the enormous suffering of cancer patients. It is also environmentally

sixth topic (9% of responses) expressed one’s

PLOS ONE | https://doi.org/10.1371/journal.pone.0319337  February 27, 2025 11/25



https://doi.org/10.1371/journal.pone.0319337.g006

PLOS ONE Public attitudes to potential synthetic cells applications

beneficial Information gypciance time
"“ma“ great Process splution positive always

eople Detl .
reallvn w::rl( narm I"em"v environmentally " OUUCE health
decision resuit

story find plastic “se““ technOIogv cnemlcal 08" suslamallle

o ot FECUCIE use goOH agree new mse ™
production s““nd knﬂw waste seem mal(e planet sav

henefit neln eed
break
create | “‘ k V o

t see possible
" 000 ea CIVITONMeN 028 UL,

h
- industrial greenhouse material narmin ™"

impact release paduce product medicine nature protect

negative important pollution environmental opinion

emission save recyeling ppjmate decomposition
i“lerﬁsti“g

Fig 7. Word cloud: respondents’ comments to scenario 3 (CS-based industrial waste recycling). The figure displays words appearing at least 25 times across the
reactions to the vignette (n = 2,556), with word size reflecting its frequency.

https://doi.org/10.1371/journal.pone.0319337.9007

friendly compared to radiation therapy, chemotherapy, etc” (SE-141), “this way we would
avoid treating the body and overloading it with chemo and radiotherapy knowing that it may
not have the same effect after a long process” (ES-459).

CS-based CO, emission conversion to biofuel. For the SC-based application converting
power plant carbon emissions to biofuel, the most prevalent topic appearing in 42% of the
comments viewed it as “a good environmental idea for the planet”. Typical comments within
this topic were: “because it would be a solution to one of the most pressing problems facing
humanity and the world” (ES-166), “even if it is experimental, they [SCs] can be the future and
if it has been tested properly, we must dare to believe in the development to move forward and
save the planet” (SE-513). The second topic (29%) focused on the aspect that this technology
“reduces greenhouse gas while producing energy”. Common responses in this theme included:
“because two birds are killed with one stone, greenhouse gases are reduced and at the same
time energy is gained from them” (DE-354), “this technology is environmentally friendly in
two ways: it reduces the greenhouse effect and creates biofuel” (FR-022). The third topic (17%
of responses) discussed that “one needs more information on synthetic cells to make decision”
Some examples included: “I would want sufficient information to ensure that the process
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was safe and would work in the long term” (UK-399), “we need more information on the
feasibility and costs, both in financial terms and in terms of impact, because such processes
seem improbable” (FR-149). The fourth topic appearing in the 14% of comments underscored
“the need to solve the global warming problem”. To illustrate: “because it would be a giant

step forward not only in the fight against climate change, but also as a means of reversing it in
a spectacular way” (ES-251), “I believe that climate disaster is a major problem and must be
addressed urgently and by all means. Let alone in a constructive way” (GR-238).

Industrial waste recycling. The most common topic (53% of reactions) approached SC-
based industrial waste recycling as “an environmentally friendly waste recycling technology”.
It included responses such as: “it is a modern method of recycling. The world is flooded with
waste and its disposal is expensive and destroys the environment. This innovative technology
respects the earth” (PL-471), “such technology can go a long way in helping to manage waste,
which is no longer polluting the environment and is actually recycled” (HU-386). The second
topic (30%) stresses that this application “turns waste into a useful material without releasing
greenhouse gas”. To illustrate: “the part that says no greenhouse gases are released during
the process and the resulting chemical serves as a raw material for the production of resins,
plastics, and medicines” (IT-495), “this way of breaking down waste is apparently not harmful
to the environment and in addition, it is also very useful for humans since other products can
be made from it” (NL-551). The last topic (18%), which had more variance in the top terms
across runs, referred to “risk/benefit information needed on this technology”. To illustrate:

“I feel it is a good idea but would need more information about any risks involved from

the final result” (UK-313), “it is important to make sure that this technology is safe for the
environment and human health. The final decision to support this technology should be based
on a comprehensive scientific, economic and social analysis, taking into account both benefits
and potential risks” (PL-083).

Discussion

SynBio development holds considerable promises but also brings about technical, social, and
ethical challenges. Biosafety and biosecurity are essential to prevent unintentional or delib-
erate damage from biotechnologies to human health and the environment. What if designed
(micro)organisms escape, exchange genetic material with existing life forms or become
invasive? Could they be misused? Such issues demand attention, ongoing monitoring and
regulation at multiple levels [48-51]. Not surprisingly, SynBio safety (e.g., unforeseen negative
consequences, potential uncontrollability, and side-effects) and, to a lesser degree, security
appeared as general public concerns across studies of SynBio perceptions [23-25,29,31,52-54].
Other common concerns raised in these studies addressed socio-economic aspects of techno-
logical innovation, including equal access to its benefits, democratic governance, commercial-
ization, and legal issues such as intellectual property rights [25,53,54]. All of these challenges
would be relevant for potential SC-based applications [19,20].

Importantly, the field of SynBio application (e.g., medical vs. agri-food technologies)
emerged as an essential acceptance factor [22-29], which should reflect public estimations of
the balance between usefulness and potential hazards of an application. SynBio risk percep-
tion and acceptance were also associated with certain socio-demographic characteristics and

Common public ethical concerns (sometimes converging with safety-related worries)
include the unnaturalness of the new technologies, aversion to “playing God” and tampering
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may include the moral value of life [60-62], commodifying life and nature [63-65], a shift
to their mechanistic understanding through the lens of assembly of biological parts [66].
SCs-based applications can evoke all of these concerns, but also bring about unique ethical
challenges. Arguably, creating life-like cellular systems from bottom-up may be viewed as
ontologically disturbing or incompatible with religious values [13,14,67].

This section will discuss the survey results in light of several important factors revealed by
previous SynBio research: demographic aspects, application field, perceived risks and benefits,
worldview-based arguments, religious values, ethical and socio-economic considerations, and
ontological challenges.

The range of methodologies used in the present study helped us interpret the survey data
at different levels. First, descriptive statistics approached the outcomes through the lens of
demographic and cultural variables. Second, the DT algorithm identified statistically signifi-
cant patterns within the data and presented them hierarchically in a predictive model. Third,
topic modelling “unpacked” the motives behind participants’ choices into a probabilistic
model by clustering word use patterns. Finally, we quantified and analyzed the use of specific
keywords to review potentially important “missing” topics.

The decisive factors: Application field and demographics

The survey responses suggest an overall positive public attitude towards SC-based medical
and environmental applications, with moderate to high support and willingness to use them.
As many as 80% of participants reported it was “extremely likely” or “somewhat likely” that
they would have used SC-based therapy themselves under the circumstances. The willingness
to authorize CS use for carbon emissions conversion to biofuel was 64% and for industrial
waste recycling 66%. The proportion of respondents who found such technologies extremely
or somewhat unacceptable was much lower, varying between 7% for SC therapy and 10-12%
for environmental applications.

In our survey, both descriptive statistics and a data-driven DT model indicated primary
importance of application field for potential support. This is in line with previous research
suggesting that public reaction could be largely defined by application and its context rather
cations aimed at societal benefit and alleviation of serious global issues. Among them, the
anticancer treatment scenario clearly elicited considerable support. This is consistent with
multiple studies showing that therapeutic applications of novel or controversial technologies
that strong support for SC-based anticancer therapy in our survey could be due to its com-
bination of urgency (fighting a life-threatening disease) with an intuitive level of decision-
making (one can easily relate to the situation described). Characteristically, support for the
medical application increased with the respondents’ age: more encounters with health issues
could result in higher perceived relevance of novel therapies in one’s view.

Whereas the two environmental applications received substantial support as well, 19% of
participants chose a neutral position regarding the SC-based waste recycling and 22% regarding
the carbon emissions conversion to biofuel. The urgency of environmental pollution and global
warming issues is high, albeit may be perceived as less immediate than saving an individu-
al’s life. The uncertainty level of these applications extends to environmental impact, making
mistakes potentially very costly. It may also be demanding for lay participants to evaluate the
implementation of novel technologies at industry or national level. Indeed, many respondents
commented they did not feel competent or confident enough to decide on such matters.

Respondents’ lower education was associated with less support for potential SC applica-
tions. The same, with less prominence in the DT analysis, was true for female participants.
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This is consistent with previous research [21,24,52,55]. A plausible explanation is that popu-
lation groups, which believe they have little control over what happens in their communities
may be more sensitive to potential hazards of novel technologies [71]. There was also some
variation in SC technologies’ acceptance associated with one’s religion, with Protestant and
non-religious respondents expressing stronger support for SC applications. However, this
variation did not amount to important place in our DT model.

The DT analysis identified country clusters of stronger, weaker, and medium acceptance of
the medical SC application. There were also country clusters of stronger, weaker, and medium
willingness to implement the environmental SC applications, specifically among the lower
educated participants. Variation in acceptability scores among the 13 countries displayed no
stark regional, cultural, or economic patterns (S6-S8 Figs). Each surveyed country seemed to
represent its own case, where public attitudes may have been affected by country-specific fac-
tors (institutions, companies, traditional and social media, etc.) and unique contexts. Overall,
the substantial support of prospective SC applications in all participating countries reflects
growing acceptance of biotechnologies in Europe [55,72].

Topics in participants’ comments: Motivations for support and the need of
risk assessment

As many as 92.7% of the survey participants chose to comment on their response. The topics
uncovered by the LDA algorithm in these comments represent the recurrent motives for
acceptance of the SC applications, as well as typical reasons behind the more cautious reac-
tions. The therapy scenario elicited the broadest range of distinct responses. The dominant
motivation centered around the importance of saving one’s life (“a decision to use one’s
chance to live, a hope”, “an alternative therapy when the old treatment is no longer effec-

tive”, and “saving or prolonging one’s life is worth it” amounting to 67% of reactions). In this
approach, the details of a therapy appear to be secondary to its promise. Some respondents
motivated the acceptability of using a novel therapy by patient’s agency (“a personal choice

in a hard situation”, 10%) or accepted a new technology upfront (“trust in doctors and the
progress of medical research”, 8%). Only two topics reflect some interest in the detail of the SC
treatment, namely, its safety (“side effects: could artificial cells affect healthy cells?” and “infor-
mation is needed on possible side effects”, 13% combined). The prevalent attitude in these two
topics could be viewed as cautious rather than fearsome or prohibitive.

For the scenario of carbon emissions conversion to biofuel, the acceptance was based on
the potential solution to a pressing issue of our time (“a good environmental idea for the
planet” and “the need to solve the global warming problem”, 56% together) and on its practical
aspect (“reduces greenhouse gas while producing energy”, 29%). About 17% of the respon-
dents expressed a cautious view (“one needs more information on synthetic cells to make
decision”). Again, this attitude was more judicious than inherently negative. The topics for
industrial waste recycling showed similar patterns. Most comments approved the idea of “an
environmentally friendly waste recycling technology” (53%) and that it “turns waste into a
useful material without releasing greenhouse gas” (30%), while 18% of responses pointed at
the “risk/benefit information needed on this technology” to make a balanced and prudent
decision.

The perspectives uncovered via TM are consistent with the attitudes expressed by the
participants in their reported scores and reflect the prevalence of strongly and moderately
positive acceptance of therapeutic and environmental SC applications. The topics with more
cautious approach seem to correspond mainly to neutral and perhaps also moderately nega-
tive scores. Their recurrent mentioning of need for information for balanced decision suggests
that they could sometimes be qualified as conditional support. While 3-5% of participants
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indicated that they found SC-based applications strongly unacceptable, their perspectives did
not reach the threshold to appear as separate topics. This could be due to the lower frequency
of such reactions and some participants choosing not to comment on them, but also to possi-
ble diversity within this group.

Concerns related to participants’ worldview and SC ethics

Prior theoretical and empirical studies on public perceptions of SynBio discussed such
considerations as “playing God”, “tampering with nature”, “slippery slope” and “creating” or
“engineering” life, as well as ethical and social aspects, the role of religion and worldview, and
defined topics. We will now zoom in at these questions within our survey.

Generic biotechnology concerns: Clash with religious worldviews, interfering with
nature, and naturalness vs. artificiality. Religiousness is often associated with a more critical
view of SynBio [24,29,52]. At the same time, the well-known argument of “playing God”

- although it may have teleological “natural law” roots [73] - is not raised by theologians
[60,61] and is more likely to be used by “secular critics of the field” [74, p. 153]. The argument
of “playing God” aligns with the aversion to “tampering with nature”, and “slippery slope”
themes. Metaphorically expressed, these reactions often include intrinsic concerns such as
human fallibility and unintended ethical, social or safety consequences [31,53]. Unease about
interfering with nature could overlap with a preference for naturalness [29], and the latter
represents a distinct attitude, where “natural” is heuristically associated with benevolence,
safety and morality, as opposed to artificial products [75,76]. This attitude might be stronger
in Western countries where people may feel more alienated from nature [33,75]. To evaluate,
to what extent such worldview-related concerns appeared in our survey, we examined all
comments containing specific words and word combinations.

Only 7 individuals mentioned God, religion or confession in their comments (words like
“divine”, “sacred”, “lord”, etc. did not appear in the sample), so we can list them here: “cancer
tumor is created by God so man should NOT intervene” (NL-599); “I prefer to leave my life
in God’s hands and let him decide. I don’t think that’s acceptable” (RO-199); “if hope means
life, that hope is Allah’s command” (TR-284); “Islam religion” (TR-364), “I am a person of
faith, and this is not decent for a Christian” (PL-674); “we will not replace God” (PL-542); “for
the creation of artificial life. It seems to me to play gods” (ES-448). Most of these comments
discuss whether to undergo a treatment, and the last three react to the waste recycling tech-
nology. The last comment belongs more to the “interference with nature” and “creating life”
themes. We can conclude that in our survey religious worldview as such was not a reason for
serious concerns about SCs.

We reviewed all text entries containing the word “nature” (excluding semantically different
usage, such as “the nature of question”), and lemmatized versions of words “interfere”, “play’,
“temper”, “mess”, “manipulate”, “slippery”, “Frankenstein”, “creature”, monster”. There were
in total 31 comments associated with the theme of “interfering with nature” or being against
the nature. Some examples are: “because it is an interference with nature” (PL-483), “let’s
stop trying to change nature” (FR-377), “this is against nature (DE-480)”, or “man should not
interfere with such matters, greenhouse gases were, are and will be, playing with nature is not
a good idea, everything evolves including the earth which adapts to conditions as they are”
(PL-414). Such comments appeared in 0.4% of all responses, sometimes overlapping with the
theme of “artificial vs. natural”.

For “artificial” vs. “natural” motif, we reviewed all text entries with the words “(un)
natural(ness)” (excluding semantically irrelevant use, such as “it’s natural to want to survive”

» <«

or “natural resources”), “(non-)organic”, “artificial(ly/ity)” and “synthetic(ally)”. There were
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in total 268 such text entries (3.4% of responses), and part of them mentioned “artificial” or
“synthetic” in positive or neutral context, such as “artificially produced cells will contribute to
reducing the greenhouse effect” (PL-240), “the benefit to society as a whole is great. Since the
cells are artificially produced, no one is harmed” (DE-137), “because it enables the cancer to
be defeated by the synthetic cells” (DE-245), “this technology reduces waste with no appar-
ent environmental consequences. I do not believe there is anything intrinsically wrong with
synthetically producing cells” (UK-662). If we exclude such entries and correct for several
terms occurring within a single comment, we will have 165 comments (2.1% of all responses)
involving “artificial vs. natural” argument. To illustrate: “I am a believer in natural remedies
and self-healing” (HU-236), “I don’t like artificial things, even if its greenhouse, they should
remain natural (TR-649), “I favor natural solutions over artificial ones” (NL-027), “I'm for
something natural not synthetic” (RO-108), “interesting but not natural and therefore danger-
ous” (FR-643), “it’s a man made process, rather than a natural process. It continues the life of
plastics which I would rather not have at all” (UK-526).

Whereas our estimations may not be precise (e.g., larger vocabularies could be used, with
refined theme analysis per comment), they provide a useful indication of the presence and
frequency of these “hidden” topics. Worldview-related arguments were thus involved in ca.
2.5% of all responses. Overall, although we should take these considerations seriously, they
do not refer to features that are unique for SCs. Rather, they could be applied to SynBio or
biotechnology in general.

Ethical challenges specific for SCs. Since cells constitute the basic unit of life, the question
emerges whether the building of (partly) functional cells in a laboratory counts as creation
of life, and if so, would this have moral implications? The top-down SC (a bacterial cell with
self-replicating synthetic genome) engineered by Craig Venter’s center in 2010 was often
discussed in the media as creation of artificial life, partly prompted by Venter’s promotion
of this advance [77]. The US presidential bioethics commission assessing the ethics of this
new technology concluded that it did “not amount to creating life as either a scientific or a
moral matter” as it relied on an existing host and did “not represent the creation of life from
inorganic chemicals alone” [74, p. 3]. Bottom-up SCs, involving emergent properties [78]
may bring about ethical concerns about not just re-engineering life but assembling it [13]. In
the future, such technologies could shatter the “aura” of life as we know it [14] and make us
rethink some fundamental categories and practices [20]. Scientists working on bottom-up SCs
currently consider them not alive, “not quite alive”, or as a “proxy for life” [6, p. 162, 166; 79],
the main criteria of “aliveness” being autonomous self-replication and life-like behavior [79].
A range of approaches to assessing the “life-likeness” of SCs (such as Turing test) is currently
under discussion [80,81]. While construction of living cells (“Life 2.0”) remains a remote goal
in the field [80], non-living SCs carry advantages for biotechnological applications [2].

What we consider life is relevant for scientific research and risk prevention, but also has
ethical and normative implications and should allow societal discussion [82]. As we prepare
for closer engagement with the societal stakeholders, we want to know, whether our survey
participants — not primed by leading questions or comparisons - associated human-made,
synthetic cells with creating life, challenging conventional ideas about it, or crossing some
moral threshold. Which ethical considerations did they express regarding the SCs and
SC-based technologies? To answer these questions, we reviewed all comments, which men-
tioned creation of life or ethics.

To assess the “creating/engineering life” argument we searched for the following words
and lemmatized word combinations with semantically relevant use: organism, lab(oratory),
(non-)living, (in)organic, biological, life + artificial/synthetic/engineer/create. Out of 27
comments, only 6 were closely related to this discussion: “artificial cell structures have been
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developed using inorganic substances” (RO-662), “the creation of new living cells carries the
risk of a lack of control over their reproduction and impact on human health” (PL-286), “the
fact that the government approves does not mean that it is ethically justified. Reducing the
greenhouse effect is good. The only question is how far one should go in the sense of how engi-
neerable life is” (NL-112), “why pack artificial cells???? in not long they will create an artificial
human” (PL-144), “for the creation of artificial life. It seems to me to play gods” (ES-448),

“the technology described seems to allow the environment and hazardous waste to be easily
transformed into something useful. It sounds like something that industry needs. 'm not sure
what ‘synthetic cells’ can be (problems with translation?) but if it means organisms made in
the lab, which can be no danger in themselves, then the decision sounds right” (SE-501). Other
relevant comments in this group mentioned risk and benefit factors (thrice), the importance
of the context in which such engineered cells were used (twice), a moral dilemma of using cells
(once), genetically engineered cells (once), need for more information on artificially engineered
cells (once), plainly disagreed with artificially engineered cells (once) or said such application
was not credible (once). The life status of SCs was thus discussed extremely rarely.

Ethical considerations (lemmatized words: ethics, moral) were mentioned in 40 comments.
Only 9 respondents found the use of SCs unethical or were not sure about it, with comments
such as “ethics” (RO-222), “I don’t know if it’s ethical and ecological” (FR-147), “lack of eth-
ics” (PL-718), “it’s not ethical” (TR-331), “technology seems useful but I don’t know if it’s eth-
ical” (PL-098). While 18 respondents expressed a view that the use of SCs was ethical, another
8 found that one needs to know/check if it was ethical, and 5 individuals said that the benefits
of such applications were more important than ethics. Compared to other cell technologies
(such as stem cells or CRISPR) SCs seemed to avoid moral criticism of cell use.

Societal aspects. To evaluate the discussion on socio-economic, political and legal aspects
of SC-based applications, we reviewed the comments with the following words (lemmatized
to allow different forms): society, social, government, political, policy, nation, economy, cost,
profit, expense, budget, finance, labor, worker, job, factory, company, business, corporation,
private, rich, elite, corrupt, equal, distribute, justice, law, legal. The words related to social
justice and distributive equality (equal, distribute, justice, private, elite) did not appear in
the corpus at all. Other words appeared in 151 comments (1.9% of all text entries), typically
in combination with other topics and often mentioning societal or economic worth of SC
technologies.

Overall, in our survey, socio-economic perspectives did not amount to distinct themes.
One of the reasons may be the brevity and exploratory character of the study. In this set-up,
the beneficial functions of SC-based applications and their potential risks likely appeared as
a more salient aspect of the question. The results could have been different if the survey had
studied not only the primary attitudes but also had involved more deliberate and effortful pro-
cessing: e.g., by directly asking questions on potential societal issues with these new technolo-
gies. In general, less focus of our respondents on ethical and social issues vs. risks and benefits
is in line with prior quantitative research. For example, in the Eurobarometer 2010 survey,
SynBio social and ethical issues were selected least frequently compared to risks/benefits as a
topic to learn about for a hypothetical referendum vote [59].

Pragmatics and ethics

Our vignettes did not explicitly mention designing (pseudo)organisms or working with
genes. In this context, we detected no public distrust towards SCs or related technologies. Our
scenarios did stress the artificial origin of the cells used. The sheer idea of human-made cells
doing work for public health and environment was welcomed by most respondents, appar-
ently without clashing with religious worldviews or eliciting associations with “creating life”.

PLOS ONE | https://doi.org/10.1371/journal.pone.0319337 February 27, 2025 18/25




PLOS ONE

Public attitudes to potential synthetic cells applications

It is likely that cells are not generally associated with “life” as a moral category, as long as they
are not human, embryonic, or chimeric. Studies on SynBio perceptions suggest that evolution-
ary distance of a species from humans may affect the acceptance of its genetic modification
[29,33]. In an anthropocentric perspective, constructing microorganisms does not attain the
moral significance of creating life [60,61]. But it is also plausible that many people implic-

itly view cells or microorganisms as non-living, if they do not exist independently of their
human-programmed tasks, much in the same way, as SC scientists find current SCs “not quite
alive”

Most public concerns about SCs, which appeared in 13-18% of survey responses, involved
practical considerations about control, risk/benefit balance, remote consequences, and the
need for thorough information. Concerns about the naturalness of SC technologies were
raised in ca. 2.1% of comments. These types of criticism and unease are not unique to SCs
but common to biotechnology in general. It seems that SCs and technologies discussed in the
study elicited no new critical arguments or ethical concerns specific to SCs. Ethics as such was
not much disputed by the survey participants, but we may argue that the study shows implicit
ethical approval of SCs in the service of medicine and sustainability.

Whereas new societal, ethical, and philosophical issues regarding SCs will likely arise in the
future studies (especially, qualitative ones, such as focus groups), the preliminary responses
to the prospect of artificially designed cells may reflect two important points. First, they
suggest that, for most participants, the idea of SCs did not (yet) cross the threshold of onto-
logically radical or ethically disturbing. Second, they point at the prevalence of a practical
problem-solving attitude when it comes to serious healthcare and environmental challenges.
Importantly, this attitude is not indifferent to ethics or ethics-independent but is grounded in
values such as health, environmental protection and sustainability.

Limitations and future directions

The main limitation of the current survey is that it could only reflect some preliminary
attitudes to SCs. Our study was limited by its cross-sectional character (collecting public
responses at a single moment in time), geographical region (Europe), and the hypothetical
nature of scenarios (which is a necessity for anticipatory approach). The surveyed countries
were mostly high income, except for Romania and Turkey, which belong to the upper middle-
income group. The survey involved no socio-economic or worldview measures such as
income, or political preferences.

A one-time attitude measurement suggests limited predictive validity. However, as concep-
tualized in the dual processing models and supported by empirical evidence, low processing
time is a moderator of higher validity in measuring attitudes [83,84]. In our study, the brevity
of the survey helped elicit more automatic reactions in respondents, which is relevant for
assessing attitudes. To obtain such reactions we avoided framing participants by emotionally
colored words (either positive or negative), comparisons, or leading questions. Not providing
detailed information was, among the rest, intended to keep the participants open to their own
understanding of the matter, guided by their own values and immediate considerations. How-
ever, no story could (or should) be entirely neutral. Discussing societally important topics and
referring to positive decisions made in the scenarios may inadvertently have involved some
kind of priming. Therefore, an obvious study limitation is that alternative vignette details such
as choosing a less known or dangerous disease, or providing more information on how SCs
are produced, would likely affect the respondents’ reactions. Such a constraint was difficult
to avoid in exploratory survey. Insights from the current study, adjusted for ongoing SC
and SynBio advances, could help develop more detailed questionnaires or contrastive quasi-
experimental vignettes focusing on specific societal and ethical issues.
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Other study limitations involved more technical challenges. For example, in a multilin-
gual study with automated translations of the participants’ comments (even though unclear
passages were reviewed with the native speakers) some comments could lose their nuances.
With topic modeling, smaller yet distinct topics (including some critical voices) might have
not been extracted by an ML algorithm. Recognizing these limitations, we assume that using
several methods jointly, including data-driven techniques, helped us achieve a multidimen-
sional view of participants’ reactions.

Future research should explore how the publics evaluate different characteristics of SCs
and the prospects of related technologies in multiple fields. Qualitative studies such as focus
groups should engage various types of societal stakeholders and promote public discussion
on opportunities and challenges, as well as philosophical and policy implications related to
SCs. We see this first exploratory survey of public attitudes to potential SC applications as a
pre-consultation of publics and a step towards consulting the society in a more in-depth way.

Conclusion

Potential technologies involving SCs may be used to advance medicine and address environ-
mental challenges such as global warming. They could become part of the future economy
and deeply affect our relationship with nature, including the way we view life and where we
place the border between the living and non-living. We conducted a large European survey
with nationally representative population samples, focusing on societally relevant areas of

SC technologies application. Using vignettes allowed us to place our questions in practical
context increasing ecological validity and to assess the participants’ attitudes through the lens
of decision-making. The discussion of these human-made cells did not elicit worries about
“creating life” or ethical concern specific for SCs. The participants’ reactions seemed to have
been guided mainly by their perceived benefit and risk estimations of the SC applications. Our
findings suggest considerable potential support for SC-based technologies in healthcare and
sustainability fields across Europe. Whether potential support would become informed and
active depends, among the rest, on further public engagement and transparent democratic
governance of such technologies.
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Likert scale score distribution. S11 Fig . Topic modeling process overview. S12 Fig. Visualiza-
tion of integrated TM and SA: SC anticancer therapy scenario. The centrality of the box and
the intensity of yellow reflect topic weight (prominence) vs. other topics. Word size represents
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green for positive, red for negative, and blue for neutral. S13 Fig. Visualization of integrated
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