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Public engagement for Human Germline Genome Editing (HGGE) has often been called for, for example by the WHO. However, the
impact of public engagement remains largely unknown. This study reports on public engagement outcomes in the context of a
public dialogue project about HGGE in the Netherlands; the DNA-dialogue. The aim was to inquire opinions and opinion change
regarding HGGE. A questionnaire was distributed on a national level (n= 2381) and a dialogue level (n= 414). The results indicate
that the majority of the Dutch population agrees with the use of HGGE to prevent severe genetic diseases (68.6%), unlike the use to
protect against infectious diseases (39.7%), or for enhancement (8.5%). No indications of change in these acceptance rates as a
result of dialogue participation were found. The results did provide a tentative indication that participation in dialogue may lead to
less negative opinions about HGGE (χ2(1)= 5.14, p= 0.023, OR= 0.56, 95% CI [0.34, 0.93]). While it was not a goal of the project to
make people more accepting towards HGGE, this might be the effect of exposure to opinions that are less often heard in the global
debate. We conclude that dialogue may lead to different outcomes for different people, depending on their characteristics and
their entrance attitude, but does not appear to systematically direct people towards a certain opinion. The self-reported, impacts of
dialogue participation included no impact, strengthening of opinion, enabling of forming a first opinion, more insight into the
potential implications of HGGE, and a better understanding of other people’s perspectives.

European Journal of Human Genetics; https://doi.org/10.1038/s41431-022-01114-w

INTRODUCTION
The 2019 moratorium on heritable germline genome editing
(HGGE) currently provides time, space, and momentum to
engage the public and to be informed of their perspectives,
while rules and regulations are still malleable [1–4]. From
October 2019 to October 2020, a project called the ‘DNA-
dialogue’ (www.dnadialoog.nl) organized twenty-seven dialogue
meetings in The Netherlands for a variety of audiences,
including healthcare professionals, lay public, and youth. Using
animations of three different future scenarios of our society with
(out) HGGE, ethical and social questions surrounding possible
applications of HGGE were discussed [5]. More information on
the DNA-dialogue project aims, methods, and the results of a
qualitative observational study can be found in van Baalen et al.
(2021) [6]. In this paper we report on the effects of public
dialogue on opinion development.
The research within the DNA-dialogue project formed the first

steps of a research for impact approach and consisted of a
qualitative observational study [6], an online networks analysis [7],
and a mixed methods questionnaire study. In case of disruptive
technologies such as HGGE, the desired impact is to align the
technology and its regulation with the needs and values of society
[8]. This societal alignment requires engagement of the general
public to identify their needs and values, allowing publics to
inform future policy making regarding HGGE [9, 10].

Although the dialogue model of public engagement has been
widely accepted as a science communication method that aims
for mutual learning, impact evaluation is needed to refine
practices and make them more evidence-based [11]. The dialogue
model arose from criticism on the deficit model of public
understanding, where science communication is an act of
educating the public to make them more accepting of science.
In the DNA-dialogue project, our aim was not to make people
more accepting towards HGGE, but to stimulate opinion devel-
opment. Given the deficit-dialogue history and the need for
evidence-based science communication practices, we wanted to
scientifically investigate the effects of public dialogue on
acceptance and opinions.
To this end, we report on a selection of questions from the

questionnaire, that provide insight into (change in): (1) acceptance
of three different potential HGGE applications, (2) opinions about
HGGE, and (3) self-reported impact of dialogue participation.
Previous studies on HGGE opinions mainly focused on acceptance
of various applications, showing a majority of positive attitudes
towards applications for medical reasons and fatal diseases [12]. The
current study replicated this approach and questioned participants’
opinions more openly to obtain a more general picture [13].
Previous studies evaluating the outcomes of dialogue participation
are scarce. A study by Zorn, Roper [14] showed that dialogue on
human biotechnology led to increased communicative self-efficacy,

Received: 19 July 2021 Revised: 3 April 2022 Accepted: 21 April 2022

1Department of Clinical Genetics, Erasmus Medical Center, Rotterdam, The Netherlands. 2Department of Psychology, Education and Child Studies (DPECS), Erasmus University
Rotterdam, Rotterdam, The Netherlands. 3Erfocentrum, Amersfoort, The Netherlands. 4Rathenau Instituut, The Hague, The Netherlands. 5Department of Human Genetics,
Amsterdam UMC, Vrije Universiteit Amsterdam, Amsterdam, The Netherlands. ✉email: s.riedijk@erasmusmc.nl

www.nature.com/ejhg

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-022-01114-w&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-022-01114-w&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-022-01114-w&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-022-01114-w&domain=pdf
http://orcid.org/0000-0003-0661-6466
http://orcid.org/0000-0003-0661-6466
http://orcid.org/0000-0003-0661-6466
http://orcid.org/0000-0003-0661-6466
http://orcid.org/0000-0003-0661-6466
http://orcid.org/0000-0002-5012-5480
http://orcid.org/0000-0002-5012-5480
http://orcid.org/0000-0002-5012-5480
http://orcid.org/0000-0002-5012-5480
http://orcid.org/0000-0002-5012-5480
http://orcid.org/0000-0002-5397-5544
http://orcid.org/0000-0002-5397-5544
http://orcid.org/0000-0002-5397-5544
http://orcid.org/0000-0002-5397-5544
http://orcid.org/0000-0002-5397-5544
http://orcid.org/0000-0003-3400-4969
http://orcid.org/0000-0003-3400-4969
http://orcid.org/0000-0003-3400-4969
http://orcid.org/0000-0003-3400-4969
http://orcid.org/0000-0003-3400-4969
https://doi.org/10.1038/s41431-022-01114-w
http://www.dnadialoog.nl
mailto:s.riedijk@erasmusmc.nl
www.nature.com/ejhg


more mutual understanding among participants, and convergence
of participants’ attitudes. The latter two may be the result of a
realization among participants that the issue at hand is far more
complex than originally thought [15].
Previously described methods to inquire public opinions and

opinion change are respectively public opinion polling and
deliberative polling. Whereas public opinion polling aims to
measure the public’s perspectives regarding a topic at a single
point in time, deliberative polling aims to measure how “raw
public opinions” are transformed into “considered public opi-
nions” after the public has deliberated on the topic [16, 17].
Aiming to inquire opinions and opinion change regarding HGGE,
this study combined these methods, resulting in three different
research settings which will be explained in the subjects and
methods section below (see Table 1).

SUBJECTS AND METHODS
Study design and participants
Participants were included between August 2019 and January 2021. First,
public opinion polling with two independent samples of the Dutch
population aimed to show national opinions and opinion changes over the
DNA-dialogue project timespan. Although we would not be able to link
these changes to specific events, we were interested in overall trends in
the complex system of opinion development about HGGE. In case of a
major event that would alter the opinions of Dutch citizens at large, these
samples could also serve as reference samples for those on a dialogue
level. The first sample (S1) was recruited in August 2019, before the start of
the project. The second sample (S2) was recruited in April 2020, when most
physical dialogues had been held and the further progress became
uncertain due to the Covid-19 pandemic. Secondly, repeated cross-
sectional approach included independent responses of a first sample (S3)
of people who signed up for dialogue participation or showed an interest
in the project, and a second sample (S4) of people who had participated in
one of the 27 dialogue meetings or a spin-off dialogue. Given the
challenge of getting people to fill out two questionnaires, before and after
dialogue, we decided to include these cross-sectional samples in our
analyses while controlling for confounders. In this way, the cross-sectional
approach still provides an indication of opinion change as a result of
dialogue participation. Thirdly, deliberative polling included a single
sample (S5) of participants who filled out our questionnaire both before
and after they had participated in a dialogue meeting. Participants in S4
and S5 visited one of 15/27 dialogues or a spin-off dialogue.
Participants in deliberative polling and the repeated cross-sectional

polling were recruited via e-mail either by an intermediary from the
organization (e.g., a teacher at a high school, or a patient organization
representative) or they could indicate their interest to participate by
leaving their e-mail address upon registration for a DNA-dialogue meeting.
Registration for the questionnaire was also available on the DNA-dialogue
website and participants could scan a QR-code linking to the questionnaire
on-site at several DNA-dialogue meetings. Participants in public opinion
polling were recruited via the commercial research company Motivaction.
Motivaction distributed the questionnaire among members of their
StemPunt research panel (ISO certified; www.motivaction.nl/panel-
stempunt). We included around 1200 participants in each sample (S1
and S2). Participants had to be between 18 and 75 years of age and panel
members who had participated in S1 were excluded from invitation to S2.
To reduce selection bias, Motivaction used regression analysis to
determine propensity scores expressing their panel’s deviations from the
Dutch population on sex, age, educational level, region, lifestyle and value
measurements, and interactions between these characteristics. In deter-
mining these deviations, the Golden Standard of Statistics Netherlands and
the (bi-)annual lifestyle and value measurements of Motivaction were used
as a reference [18]. Underrepresented groups received a higher propensity
score, thereby increasing the chance of being selected. Within cleaned
samples (S1 and S2), remaining deviations from the Dutch population were
reported, allowing weighting of the data to correct for these deviations. To
further prevent selection bias, invitations to participate did not reveal any
information about the content of the questionnaire. Active panel members
receive points for each questionnaire they complete, which can be
exchanged for gift cards or donations to charity. Motivaction acts in
accordance with the General Data Protection Regulation. The StemPunt
research panel is registered with the Dutch Data Protection Authority.

Exclusion criteria for all samples can be found in Table 1 and are further
elaborated on in the Supplementary Material.

Measures
This study focusses on a selection of questions, the complete ques-
tionnaire (in Dutch) can be found elsewhere (see the Supplementary
Material for the link). For all participants (S1–5), the questionnaire included
questions on demographic characteristics, acceptance of various applica-
tions of HGGE, and a question on participants’ opinions.

Demographics. The demographic characteristics we present here have
previously been studied with regard to acceptability of gene therapy [12].
Categories of educational level––high, intermediate and low- were
determined according to the standard of the Central Bureau for Statistics
[19].

Acceptance of HGGE. Questions a-c below measured agreement with
applications of HGGE on a 5-point scale (1= Strongly disagree, 2=
Disagree, 3= Neutral, 4= Agree, 5= Strongly agree). Participants indi-
cated to what degree they agreed with altering the DNA of an embryo in
these scenarios:
(a) “Someone who wishes to have a child has a severe heritable muscle

disease. For a future pregnancy, doctors can alter the DNA of an embryo, to
prevent the child from inheriting the severe muscle disease. Assume the
technology is safe and effective.”
(b) “Someone who wishes to have a child is healthy. For a future

pregnancy, doctors can alter the DNA of an embryo, to protect the child
against severe infection diseases, such as HIV. Assume the technology is
safe and effective.”
(c) “Someone who wishes to have a child is healthy. For a future

pregnancy, doctors can alter the DNA of an embryo, to increase the
intelligence of the child. Assume the technology is safe and effective.”

Opinions about HGGE. Respondents were asked to describe what they
thought about altering the DNA of embryos in max. three key words. The
answers were clustered and categorized, resulting in five opinion groups:
positive, negative, mixed (positive and negative), descriptive (positive nor
negative), or indeterminable (no opinion was stated, e.g., “don’t know”, “no
opinion”, “?”, or “-“. Two researchers (BV and DH) coded the answers
independently, with good interrater reliability (κ= 0.80, p < 0.001). In case
of disagreement, the researchers discussed until consensus was reached.
This mostly concerned words that are given a value in public debate, but
are neutral on their own, such as unnatural, innovative, preventive, and
expensive. After discussion these words were considered descriptive.

Impact of participation. Participants in S4 and S5 were asked how their
visit to a DNA-dialogue meeting had changed their perspective of HGGE.

The local Medical Ethical Committee (METC) exempted this study from
the medical research involving human subjects act (WMO) (number: MEC-
2019-0368).

Data analyses
Descriptive analyses were used for demographic characteristics, accep-
tance rates ((strongly) disagree, neutral, (strongly) agree) and categorized
opinion rates (positive, negative, mixed, descriptive, indeterminable).
Demographic characteristics were compared (S1–S2 and S3–S4) using
Chi-square tests (Fisher’s Exact tests when the assumptions were not met).
Propensity weighting as specified above was used on the most recent
public opinion polling (S2) sample to obtain population estimates of
acceptance and opinions rates. To evaluate changes in acceptance rates,
public opinion polling and repeated cross-sectional data on acceptance
(scale 1–5) were compared (S1–S2 and S3–S4) using independent t-tests,
while deliberative polling (S5) data were compared using paired t-tests. To
compare categorized opinions, dummy variables were created (e.g.,
positive yes= 1, no= 0) and Chi-square tests (Fisher’s Exact tests when
the assumptions were not met) were used for the independent samples
(S1–S2 and S3–S4), and McNemar tests for the paired samples (S5). Given
that repeated cross sectional measures are prone to internal validity
threats, analyses with adjusted samples were performed to rule out
confounding demographic characteristics. Finally, the self-reported impact
of dialogue participation on HGGE perspectives was analyzed using a
thematic analysis. Initial themes were identified and coded by DH and

D. Houtman et al.

2

European Journal of Human Genetics

http://www.motivaction.nl/panel-stempunt
http://www.motivaction.nl/panel-stempunt


subsequently checked by BV. IBM SPSS Statistics version 25.0 was used for
data analyses and the significance level was set at 0.05, two sided.

RESULTS
The five final sample sizes are depicted in Table 1.

Demographics
Table 2 shows the sample characteristics for S1–5. Age ranged
from 15 to 91 years (both in S3). S2 public opinion polling
respondents had significantly lower genetic knowledge than
S1 respondents (χ2(2)= 14.16, p= 0.001). S3 and S4 cross-sectional
respondents differed in age and educational level. S4 respondents
were both more often younger than 24 years of age (χ2(7)= 65.12,
p < 0.001) and had lower educational level (χ2(2)= 11.27, p= 0.004)
than S3 respondents.

Acceptance of HGGE
Population estimates. Inspection of percentages of (dis)agree-
ment with three HGGE applications in S2 revealed that germline
modification for a severe muscular disease showed the highest
acceptance rate (70.0%), followed by application for an infectious
disease (39.0%) and application for intelligence (7.3%; see Fig. 1).
Using propensity weighting, the acceptance of application for a
severe muscular disease was estimated to be slightly lower in the
Dutch population (68.6%), while the acceptance of application for
an infectious disease and for intelligence was estimated to be
slightly higher (respectively 39.7 and 8.5%) compared to S2 (see
Fig. 1).

Effect evaluation of the DNA-dialogue project. Secondly, the
acceptance of these various applications was compared between
S1 and S2, between S3 and S4, and within S5 (see Table 1 for
sample descriptions). Mean acceptance scores and t-test results
are depicted in Table 3. Between S1 and S2 and within S5,
acceptance did not significantly differ. Acceptance of application
for a severe muscular disease was slightly higher at S4 compared
to S3 (t (197.67)=−2.27, p= 0.025). However, S4 had significantly
lower age and educational level than S4, which can partially be
explained by two groups of high school students (n= 22) that
were included in S4, while there were no high school groups
included in S3.

Ruling out the confounders. To correct for the difference in
demographics in the two cross-sectional samples (S3 and S4), we
performed a sensitivity analysis excluding the high school
students in S4 (n= 22). Hereafter, the mean acceptance score
for application for a severe muscular disease at S4 was 3.95 and
significance disappeared (t (347)=−1.66, p= 0.098). Significant
differences in demographic characteristics between S3 and S4
disappeared, while differences for other HGGE applications
remained non-significant.

Opinions about HGGE
Population estimates. Opinions were coded as positive, nega-
tive, mixed (positive and negative), descriptive (positive nor
negative) or indeterminable (no opinion was stated). Respon-
dents with negative opinions were most frequent (37.8% in S2)
while respondents with positive opinions were least frequent

Table 1. Three different research settings used in this study and their sample selection.

Setting Description Sample N Excluded, reason (n) Final number
of participants

Public opinion
polling

Two independent samples of the Dutch
population. One sample filled out the
questionnaire in August 2019 (S1), the other
filled out the questionnaire in April 2020, six
months after the start of the DNA-dialogue
project (S2).

S1 3024 Incomplete (1715) 1172

Time to complete <6min (n= 124)

ID check fail (n= 13)

S2 2385 Incomplete (1048) 1209

Time to complete <6min (n= 100)

ID check fail (n= 28)

Repeated cross-
sectional polling

Two independent samples, one consisting
of people who filled out the questionnaire
without having participated in dialogue (S3)
and the other consisting of people who
filled out the questionnaire after they had
participated in dialogue (S4).

S3 380 Unknown pre- or post (93) 277

Test (3)

Filled out during break (1)

Duplicate (5)

Consortium (1)

S4 147 Unknown pre- or post (45) 97

Test (1)

Nonsense (1)

Duplicate (3)

Deliberative polling A single sample (S5) of dialogue participants
who filled out the questionnaire before they
participated in a dialogue meeting and after
they participated in a dialogue meeting.

S5 46 Consortium (5) 40

Duplicate (1)

D. Houtman et al.

3

European Journal of Human Genetics



(8.9% in S2; see Fig. 2). Propensity weighing provides estimates
for the Dutch population. Compared to S2, the estimated
prevalence of mixed opinions was lower, while the estimated
prevalence of descriptive and indeterminable opinions was
higher (see Fig. 2).

Effect evaluation of the DNA-dialogue project. The distributions of
opinions were compared between S1 and S2, between S3 and S4,
and within S5 using Chi square and Fisher’s Exact tests for
independent measures and McNemar tests for paired measures
(see Table 4). We found significant differences between S1 and S2
and S3 and S4. Compared to S1, percentages of negative and

mixed opinions were higher in S2 (respectively χ2(1)= 4.53,
p= 0.033 and (χ2(1)= 4.79, p= 0.029), while percentages of
positive and descriptive opinions were lower (respectively χ2(1)
= 4.90, p= 0.027 and (χ2(1)= 7.35, p= 0.007). In S4, we found a
lower proportion of negative opinions compared to S3 (χ2(1)=
5.14, p= 0.023, OR= 0.56, 95% CI [0.34, 0.93]). For the other
opinion categories, differences were small and non-significant.

Ruling out the confounders. To correct for the demographical
differences between S3 and S4, we performed a sensitivity analysis.
The results remained significant in the sensitivity analysis excluding
the high school students (a lower proportion of negative opinions in

Table 2. Demographic characteristics for the different samples.

Public opinion polling Repeated cross-sectional polling Deliberative polling

S1 S2 S3 S4 S5

n= 1172 n= 1209 n= 275a n= 97 n= 40

Women, n (%) 598 (51.0) 652 (53.9) 158 (57.9)d 64 (66.0) 28 (70.0)

Age, n (%)

<18 – – 3 (1.1)* 23 (23.7)* 1 (2.5)

18–24 36 (3.1) 48 (4.0) 55 (20.0)* 8 (8.2)* 13 (32.5)

25–34 96 (8.2) 105 (8.7) 36 (13.1) 18 (18.6) 3 (7.5)

35–44 137 (11.7) 138 (11.4) 31 (11.3) 5 (5.2) 4 (10.0)

45–54 255 (21.8) 231 (19.1) 41 (14.9) 11 (11.3) 7 (17.5)

55–64 347 (29.6) 335 (27.7) 45 (16.4) 15 (15.5) 7 (17.5)

65–75 301 (25.7) 352 (29.1) 50 (18.2) 15 (15.5) 5 (12.5)

>75 – – 14 (5.1) 2 (2.1) 0.0

Educational level, n (%)

High 433 (36.9) 476 (39.4) 176 (64.0) 57 (58.8) 26 (65.0)

Intermediate 552 (47.1) 573 (47.4) 87 (31.6) 26 (26.8) 14 (35.0)

Low 187 (16.0) 160 (13.2) 12 (4.4)* 14 (14.4)* 0 (0.0)

Actively religious, n (%) 266 (22.7) 257 (21.5)b 136 (49.5) 45 (46.4) 7 (17.5)

Having or knowing someone with a genetic
disease, n (%)

308 (26.3) 272 (23.1)c 81 (29.5) 34 (35.1) 12 (30.0)

Genetic knowledge, n (%)

High 15 (1.3) 19 (1.6) 29 (10.6) 11 (11.3) 8 (20.0)

Intermediate 151 (12.9)* 99 (8.2)* 82 (29.9) 33 (34.0) 16 (40.0)

Low 1006 (85.8)* 1091 (90.2)* 163 (59.5)e 53 (54.6) 16 (40.0)
aAll demographic characteristics were missing for n= 2.
b,c,d,eFifteen people in S2 public opinion polling did not want to disclose their religious activity. Thirty people in S2 public opinion polling did not want to
disclose whether they had or knew someone with a genetic disease. Two people in S3 did not want to disclose their gender. One person in S3 did not fill out
the question about genetic knowledge. These percentages were therefore reported for slightly smaller sample sizes (respectively n= 1194, n= 1179, n= 273,
and n= 274).
*Significant difference between S1 and S2 or between S3 and S4.

Fig. 1 Acceptance of HGGE for three potential applications of HGGE. The three potential applications are: (1) to prevent a child from
inheriting a severe muscular disease, (2) to protect against a severe infectious disease such as HIV, and (3) to increase intelligence. Percentages
are depicted for the most recent public opinion poll (S2) and population estimates (calculated by means of propensity weighting).
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S4 compared to S3; χ2(1)= 4.69, p= 0.030). Differences between S3
and S4 for other opinions remained small and non-significant.

Self-reported outcomes of dialogue participation
Out of the 137 respondents who answered the questionnaire after
taking part in a dialogue meeting, 97 respondents reported on the
influence of dialogue participation on their perspective on HGGE.
The other 40 participants visited a spin-off dialogue (n= 9) or
filled out a pre-dialogue questionnaire while having already
participated in a dialogue meeting (n= 31), and were not
presented with this question. Out of the 97 people who
responded, 41 (42.3%) people indicated that participation in a
dialogue meeting had not changed their perspective on HGGE in
any way. In the 56 (57.7%) remaining responses, the following
themes were identified: opinions, awareness and knowledge, and
insight into perspectives of others.

Opinions. Participants indicated that entering in dialogue had
strengthened or confirmed their existing perspectives, changed their
existing perspectives, or that it had helped them form an initial
opinion. Opinions changed in multiple directions, towards beingmore
positive, towards being more negative, and towards being more in
doubt.

“Before I entered in dialogue, I didn’t know much about HGGE. I
hadn’t really looked into it. The dialogue provided me with a
clearer picture of what it means, and it allowed me to form my
own opinion: use HGGE for diseases, but not to for example
increase the strength of your child.”

“Before I was 100% against, but –dialogue participant- said
something about monogenic disorders and this has opened the
door a little.”

“My visit confirmed the opinion I already had.”

Awareness and knowledge. Participants indicated they had
gained more knowledge, information, insight, and awareness.
Some participants also indicated that entering in dialogue had
resulted in realization of the complexity of the topic.

“I became more aware of the social and national implications of
developments in science and the impact on individual
autonomy.”

“My opinion hasn’t changed, but the dialogue did give me more
insight into the societal and ethical issues.”

“My perspective hasn’t changed, but I did get more knowledge.”

Insight into perspectives of others. Finally, participants also
indicated positive experiences with hearing perspectives of others.
This broadened their own perspectives and increased their
understanding of other people’s opinions.

“The dialogue gave me more insight and more understanding
with regard to the opinions of others.”

“It was nice to hear other perspectives.”

“I found it very interesting to hear how various philosophies think
about HGGE. I gained more insight into the arguments in favor
and against held by other people.”Ta
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DISCUSSION
Although public engagement for HGGE has often been called
for [20–23], little had been initiated up until September 2019,
when the Dutch DNA-dialogue project started organizing dialogue
meetings [24]. In line with the new architecture for democratic
debate on gene editing that Burall [25] proposed in Nature, the
DNA-dialogue was organized by a large interdisciplinary
consortium.
On a national level, we aimed to look at overall trends in the

complex system of opinion development about HGGE. Compared
to a previous study in 2016, acceptance of applications in our
study (S2) was comparable for severe muscle disease (65.9% in the
previous study, 68.6% in this study), but somewhat higher for a
severe infectious disease (30.2% in the previous study, 39.7% in
this study), and somewhat lower for intelligence (16.1% in the
previous study, 8.5% in this study) [26]. These percentages should
be interpreted carefully, as the underlying values and considera-
tions remain unclear. Deliberation with the general public as well
as with clinician groups and patients who live with severe genetic
diseases, is necessary to provide insight into the severe genetic
diseases for which the clinical need for and acceptance of HGGE
are the highest, and why.
On a dialogue level, this study aimed to inquire changes in

opinions about HGGE as a result of the Dutch DNA-dialogue
project. In the light of the deficit-dialogue history and the need for
evidence-based science communication practices, we aimed to
find out whether dialogue led to more acceptance and/or whether
it helped people develop their opinion. Regarding acceptance of
HGGE applications, none of the samples showed changes after
controlling for confounders. Regarding opinions about HGGE, we
found no difference for deliberative polling and differences in
public opinion polling were significant but relatively small and in
opposite direction of the change in the cross-sectional samples.
Here, fewer respondents who filled out the questionnaire after
participating in dialogue showed negative opinions compared to
respondents who filled out our questionnaire before participating
in dialogue, also after controlling for possible confounders.

Previous studies showed a positive influence of knowledge on
attitudes towards general science and human genome editing
[27, 28], thus the lower percentage of negative opinions might be
explained by higher knowledge. However, other studies looked at
genetically modified food and bioenergy and found greater
knowledge to lead to more conflicting or strengthened rather
than positive attitudes [29, 30].
Based on the self-reported impact of dialogue participation and

the participant testimonials that were shared with the researchers
after dialogue meetings, the lower percentage of negative
opinions might also be the effect of exposure to opinions and
arguments that are less often heard in the global debate which
often focusses on designer babies, eugenics, and playing God.
Participants reported that dialogue participation increased their
knowledge and awareness and provided them with a better
image and understanding of the arguments and opinions held by
others. However, other participants also indicated that the
dialogue had not influenced their perspective or that it had
confirmed them in the opinion or beliefs they already had, the
latter of which may have led to more attitude strength as
described in previous literature [29, 31].

Strengths and limitations
An important strength of this study is that by means of propensity
sampling and propensity weighing, we were able to estimate
acceptance of various HGGE applications and opinions about
HGGE in the Dutch population. Such results that are representa-
tive for the population can be challenging to obtain when it
comes to complex topics such as HGGE. Another strength is that
participants in this study were engaged at various levels. This has
enabled a balance between political equality and deliberation [32];
the public opinion polls increased the reach of the DNA-dialogue
project and allowed more people to inform future policy making
regarding HGGE, while the DNA-dialogue meetings stimulated
deliberation.
Limitations of this study include the small number of

respondents in deliberative polling (n= 40). This research setting

Fig. 2 Distributions of opinions categorized as positive, negative, mixed (positive and negative), descriptive (positive nor negative) and
indeterminable (no opinion was stated). Percentages are depicted for the most recent public opinion poll (S2) and the population estimate
(calculated by means of propensity weighting).

Table 4. Distributions of categorized opinions for the various samples and Chi2 and Fisher’s exact test results for comparisons.

Percentage

Public opinion polling Repeated cross-sectional Deliberative polling

Opinion S1 S2 Chi2 S3 S4 Chi2 S5 S5 McNemar

n= 1172 n= 1209 p values n= 277 n= 97 p values n= 40a n= 40b p values

Positive, n (%) 137 (11.7)* 108 (8.9)* 0.027 22 (7.9) 10 (10.3) 0.473 4 (10.0) 4 (10.0) 1.000

Negative, n (%) 394 (33.6)* 457 (37.8)* 0.033 116 (41.9* 28 (28.9)* 0.023 7 (17.5) 9 (22.5) 0.727

Mixed, n (%) 232 (19.8)* 284 (23.5)* 0.029 81 (29.2) 36 (37.1) 0.150 19 (47.5) 14 (35.0) 0.388

Descriptive, n (%) 251 (21.4)* 206 (17.0)* 0.007 56 (20.2) 22 (22.7) 0.607 10 (25.0) 13 (32.5) 0.581

Indeterminable,
n (%)

158 (13.5) 154 (12.7) 0.591 2 (0.7) 1 (1.0) 0.769c 0 (0.0) 0 (0.0) –

aBefore dialogue meeting.
bAfter dialogue meeting.
cFisher’s exact was used instead of Chi2.
*Significant difference between S1 and S2, between S3 and S4, or within S5.
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required respondents to participate in a dialogue meeting and fill
out the questionnaire both before and after this dialogue meeting.
Respondents may have been reluctant to fill out the question-
naire, especially for a second time, given the lengthy question-
naire that was used. Participants were therefore not given a time
limit to fill out the questionnaire after a dialogue meeting.
Furthermore, sampling for cross sectional polling and deliberative
polling was convenience-based and resulted in selection biases.
Cross-sectional polling was in addition limited by the (apparent)
differences in demographics between S3 and S4. The educational
scale we used had a range from 1 to 8, which was converted to
low (1–3), intermediate (4–6), and high (7 and 8). A number of
high school students who participated in S4 scored 3 on this scale,
placing them in the low educational level category, even though
they were following high school education on the highest and
second highest level. To minimize actual confounding factors,
future studies that evaluate the outcomes of dialogue participa-
tion should use a within-subjects design or match the character-
istics of participants in the samples that are being compared. To
further prevent selection biases, future studies should aim for
representivity among research participants. To this end, it should
be made as easy and attractive as possible for participants to fill
out the questionnaire both before and after dialogue, for example
with very short questionnaires that can be filled out on-site and by
using incentives for completed questionnaires.

CONCLUSION
Although the results provided a tentative indication that
participation in dialogue may lead to less negative opinions
about HGGE, we found no indications of participants in dialogue
meetings being systematically directed towards or convinced of a
certain opinion. Self-reported impacts of dialogue participation
included no impact, strengthening of opinion, enabling of forming
a first opinion, more insight into the potential implications of
HGGE, and a better understanding of other people’s perspectives.
Thus, at the very least, dialogue makes participants aware of their
own perspective, and in many cases allows the participants to
acquire a larger context of their own perspectives in relation to
those of others. Keeping the goal of societal alignment in mind,
dialogue may contribute to identifying the needs and values of
the public since they become more aware of these themselves,
leading to better informed decisions. At the same time, being able
to place one’s own perspective in the context of others’ may
contribute to more support for future decisions.

DATA AVAILABILITY
The datasets generated and/or analysed during the current study are available from
the corresponding author on reasonable request.
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