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Abstract
Drawing upon the COVID-19 crisis in Denmark, this paper investigates the relationship between public 
policy-making and Citizen Science as conducted by citizens analysing and visualising COVID data 
through social media. We consider whether this form of Citizen Data Science (CDS) can help inform 
public debate and influence policy-making during a crisis. Specifically, the paper explores the CDS 
community, its contributions and policy interactions. 
Though it is difficult to demonstrate a direct causal relationship between CDS and specific policy 
decisions, we conclude that CDS can act as a form of ‘extended peer community’ where new 
developments are reflected upon, discussed and supplemented by a larger and not professionally 
involved audience. In this way, CDS represents a potentially-valuable input to policy. However, it also 
raises new questions and challenges for policy-making, not least in terms of policy makers’ capacity to 
identify useful inputs and act upon a broader range of expertise.
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Introduction
Citizen Science has been widely acknowledged 
as an important source of evidence about social, 
environmental and natural phenomena: from 
birdwatching to astronomy and from large-scale 
databases to local observation (Bonney, 1996; 

Hecker et al., 2018; Irwin, 1995, 2015; Kasperowski 
and Kullenberg, 2019; Kimura and Kinchy, 2016). 
However, and as a recent publication from the 
Cambridge Centre for Science and Policy empha-
sized, it is important to consider Future Direc-
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tions for Citizen Science and Public Policy (Cohen 
and Doubleday, 2021). Given the attention now 
being paid to Citizen Science in scientific and 
institutional terms (Haklay 2022; Irwin, 2018), is 
it possible that it could make a positive contri-
bution to public debate and, more particularly, 
decision-making? 

In this paper, we focus on the relationship 
between Citizen Science, policy-making and 
technical policy advice linked to the COVID-19 
pandemic. While policy documents have often 
been positive about the contribution from Citizen 
Science (Hecker et al., 2019), it is less clear how 
exactly policy-making can benefit from such activ-
ities – or whether it has the capacity to do so. As 
Kinchy has noted in a recent review of the litera-
ture: “there is no guarantee that decision-makers 
will take citizen scientists’ knowledge claims 
seriously” (Kinchy, 2024: 218). To put it succinctly: 
can Citizen (Data) Science help inform public debate 
and assist policy-making during a crisis? 

There is a large social scientific literature 
addressing the relationship between scientific 
advice and the policy process (see for example 
Funtowicz and Ravetz, 1993; Hajer, 1995; Irwin, 
2008; Jasanoff, 1990). On the one hand, this liter-
ature identifies conventional beliefs and myths 
concerning this relationship: for example, the 
idea that science and politics can be kept at arm’s 
length from each other, and the recurrent notion 
that science should speak truth to power. On the 
other hand, this literature has often explored 
how science-policy relations operate in practice. 
Thus, an extensive literature review (SAPEA, 2019) 
considered the practical complexity of science-
policy interactions, the existence of significant 
uncertainties and disagreements, and the chal-
lenges of maintaining a separation between 
science and politics within pressing matters of 
public policy. The COVID crisis vividly illustrates 
many of these points with experts of different 
kinds being called upon to give policy advice in 
a context which could be indeterminate and fast-
changing, and where the line between science 
and politics was at times extremely blurred (Evans, 
2022; Hilgartner, 2024; Jasanoff et al., 2021).

In what follows, we will investigate how Citizen 
Science might function as a form of policy input. 
During the COVID-19 pandemic in Denmark, 

we observed that citizens were publishing data 
analysis and visualisations on social media, and 
that these contributions were being commented 
upon and possibly utilised by policy makers. 
Inspired by the rapid growth in data science as 
a research field, we chose to term the empirical 
phenomenon we were observing ‘Citizen Data 
Science’ (CDS) (Zambach, 2021) and to conduct an 
inductive qualitative investigation of how it might 
impact and potentially benefit policy making. 

As we will describe in the following section, 
we use a definition of Citizen Science which 
allows for a bottom-up and flexible interpretation 
(Van Oudheusden and Abe, 2021). In this, we are 
in alignment with Van Oudheusden et al.’s call 
(2024) to explore the emancipatory potential of a 
plurality of citizen sciences by considering it as a 
many-facetted phenomenon with diverse types of 
impact. In this perspective, the pandemic can be 
seen as a form of  ‘natural’ - or ‘unintended’ - exper-
iment in Citizen Science-public policy relations 
which deserves to be reflected upon with appro-
priate lessons identified. In a manner analogous to 
previous STS discussions around public engage-
ment (Irwin, 2006), this is also part of a larger move 
to address Citizen Science in more ‘pragmatic’ 
(Van Oudheusden et al., 2024), open and empirical 
terms without reducing it normatively to only ‘the 
good, the bad and the perfect’ (Irwin et al., 2013). 

Citizen Data Science
Citizen Science has been defined as “science 
which assists the needs and concerns of citizens 
… At the same time, [it] implies a form of science 
developed and enacted by citizens themselves … 
generated outside of formal institutions” (Irwin, 
1995: xi). More recently, Haklay has proposed a 
four-way classification of Citizen Science activities: 
crowdsourcing, distributed intelligence, participa-
tory science, and ‘extreme’ Citizen Science (Haklay, 
2013). In line with our previous discussion, Haklay 
has also emphasized that Citizen Science repre-
sents a pluralistic activity, incorporating ‘a spec-
trum of activities and practices’ (Haklay, 2022).

The COVID-19 pandemic led to a large interna-
tional scientific effort (Birkin, 2021; Griffith et al., 
2020; Gundelund and Skov, 2021; UKEOF, 2021). It 
also provided an impetus for the form of Citizen 
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Science proposed by Irwin (1995), corresponding 
approximately to ‘participatory science’ in Haklay’s 
terms, in which citizens themselves take part in 
processes of knowledge creation (Boisson, 2023). 
Starting with the original pandemic spread in 
Asia, there has been much underground or grass 
root activity in which citizens have run initia-
tives supporting or informing authorities and 
populations alike (Van Oudheusden, 2021; Van 
Oudheusden and Abe, 2021). Forms of this have 
included visualisation of the regional develop-
ment of the disease, the development of predic-
tive models and the discussion of behavioural 
patterns. 

Social media have provided a crucial platform 
for citizens to share knowledge about COVID-19: 
including infection rates, vaccination uptake and 
mutations. As in other areas (Sprague and Tory, 
2012; Trajkova et al., 2020), subgroups of users 
have employed this platform to create custom-
ized data visualisations on various topics related 
to the pandemic (Pueyo, 2020; Roberts, 2020). The 
present paper represents an attempt to focus on 
the manner in which data collection, modelling 
and visualisation were performed on social media 
by people who are not professionals in the area, 
who are not paid to conduct such work and who 
do not represent any organisation. We term such 
people ‘citizen data scientists’ (CDSs). 

Haklay (2022) has discussed related phenomena 
in terms of ‘citizen cyberscience’ (see also Grey, 
2009). Our treatment here overlaps with that 
definition – especially regarding its ‘community 
science’ dimension. However, in what follows we 
have chosen to address questions of data analysis 
and visualisation rather than the larger phenom-
enon of the use by citizen scientists of computers 
and the internet. Such activities fit within a 
pluralist definition of Citizen Science since they 
involve scientific methods of data analysis, but 
participants do not do so in any formal research 
capacity or as part of their main employment.

What originally caught our attention was that 
this group of CDSs made use of data analysis 
and forms of visualisation to support critical 
discussions about policy-making regarding 
the pandemic in a form which, in structure and 
content, was similar to advice from recognized 
scientific sources (for example, university experts). 

The visualisations from the Danish COVID-19 CDSs 
consisted of charts illustrating the development 
of cases, deaths and hospitalizations, as well as 
vaccine roll-outs and more detailed information, 
such as regional patterns. These were shared 
on social media, particularly on Twitter (now X) 
(Sleigh et al., 2021), which in Denmark at that time 
was used mostly by elite groups to debate current 
events. In this account, we do not seek to explore 
the relationship between CDS and data science, 
although it would certainly be useful to conduct a 
study of how Citizen Science has influenced scien-
tific development in that field. Our focus instead 
is very much on the CDS-public policy interface.

In general, the CDSs on whom we focus did 
not collect primary data – and in that way are 
unlike other forms of Citizen Science which have 
tried to influence policy-making (Dosemagen 
et al., 2022; Groom et al., 2019: Ottinger, 2021). 
Rather, they utilize subsets of open data available 
from multiple sources such as Our World in Data, 
Johns Hopkins Coronavirus Resource Center and 
the Danish health authorities’ SSI dashboard (Our 
World in Data; COVID-19 Map; SSI Dashboard). 
Before we move to our methods section, we 
will provide a brief overview of the COVID-19 
pandemic in Denmark.

COVID-19 development in Denmark
On March 11th 2020, the Danish Prime Minister sol-
emnly announced a comprehensive lockdown of 
the entire country with only essential activities, 
such as grocery stores and health services to be 
left open (Christensen et al., 2021). The public was 
advised to avoid face to face contact outside of 
households. No official curfew was imposed, but 
a lockdown affected most workplaces in the coun-
try. This policy differed from for instance Sweden 
which had a different, network-based approach, 
and where there were fewer restrictions, no lock-
down, and schools and nursery homes were never 
closed during the pandemic period (Christensen 
et al., 2023; Nielsen and Lindvall, 2021). 

The initial lockdown in Denmark was generally 
considered successful in terms of controlling 
the pandemic and from April COVID incidences 
began to fall. Consequently, the country gradually 
became more open in May and June. However, 

Irwin et al
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in the Autumn of 2020, COVID incidences 
started to rise and during the subsequent Winter 
lockdown incidences were much higher than 
in the initial wave. Restrictions were gradually 
eased again during Spring 2021. Vaccines from 
Pfizer, Moderna, Astra Zeneca and later Johnson 
& Johnson were approved in the European Union, 
and in Denmark vaccinations commenced in 
January 2021. Generally, Danish media and public 
debate devoted a lot of attention to the number 
of available doses and the potential dates for 
vaccination of different age and occupational 
groups. In April-May 2021 the health authorities 
decided to remove the vaccines supplied by Astra 
Zeneca and Johnson & Johnson from the general 
vaccination programme due to the risk of side 
effects combined with the existence of effective 
alternatives. This decision gave rise to some public 
discussion as many people questioned whether it 
was justified (Christensen et al., 2023). 

In Autumn 2021, there was renewed focus in 
all media on new COVID-19 variants and a short 
lockdown was enforced just before Christmas. 
However, since hospitals did not become over-
burdened during the Winter, Denmark was one of 
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the first countries to ease restrictions early in 2022 
(Forthun et al., 2024). 

Method
As already noted, our focus here is on how CDS 
has contributed to public debate and policy-
making. We therefore chose to conduct semi-
structured interviews with CDSs themselves as 
well as professional science advisors and policy-
makers. Importantly, the first author of this paper 
had been following and engaging with the CDS 
community through several social media during 
the pandemic. While this active engagement was 
not originally planned as participant observation, 
it helped us identify key informants with whom to 
engage. Building on this knowledge of the field, 
we employed a form of snowballing (Kvale, 1994) 
where we started with those who were continu-
ously and actively participating in the debate on 
Twitter from the hashtag #covid19dk, and epide-
miology experts frequently used by Danish media. 
In addition, we contacted people who were inter-
acting with and interpreting models and visualisa-
tions made by the CDSs. 

Table 1. List of interviewees (categorized based on current employment).

Reference Gender Employment
CDS1 Male Retired Chemistry scientist
CDS2 Male Marketing consultant and Pharmacist
CDS3 Male Economist
CDS4 Male Pharmaceutical Chemist
CDS5 Male Computer Scientist
CDS6 Male Microbiologist
CDS7 Male Professor in Economics
CDS8 Male Associate professor in social science
CDS9 Male Chief medical doctor
CDS10 Female IT consultant
CDS11 Male Civil servant
CDS12 Female Legal consultant
CDS13 Female Biologist
CDS14 Male Computer scientist
DJ1 Male Journalist
EXP1 Female Epidemiologist
EXP2 Male Senior Researcher in Computer Science, member of a modelling group
EXP3 Female Project Leader, a modelling group
EXP4 Male PhD fellow in Computer Science, member of a modelling group
PM1 Female Civil servant
PM2 Male Civil servant
PM3 Male Member of Danish parliament
PM4 Male Head of a Danish health agency
PM5 Male Former head of Danish health agency
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In total, we conducted 24 interviews. Inter-
viewees can roughly be divided into three groups. 
The first consists of those who had previously shared 
visualisations or mathematical models of COVID-19 
on Twitter (our core notion of CDS) (n=14). The 
second group consists of those who had worked 
professionally with disease modelling (n= 4). The 
third group included those who were part of the 
policy making process (n=5). We also interviewed 
one person working as a data journalist. 

These specific groups were selected in order 
to build up a broad account of the CDS work and 
whether it had an impact on policy and public 
debate. We attempted to contact a range of CDSs 
in terms of opinions and activities. We specifi-
cally tried to locate both male and female CDSs 
but managed to engage with only three women, 
of whom only one actively created visualisations 
herself, though all used the publicly available 
dashboard tools that were released in mid-2020. A 
list of the respondents, their job titles and relation 
to Citizen Data Science can be found in Table 1. 

For the purposes of this study, we sought to 
exclude participants with arguments and view-
points akin to conspiracy theories: for instance, 
that COVID-19 does not exist or that Bill Gates 
had added microchips to the vaccines. In general, 
those in this category did not directly engage 
with or share the visualisations, official data and 
mathematical models which were central to our 
study. Of course, knowledge was developing 
fast and opinions shifted across the period in 
question. One example of such shifting interpre-
tations was the volatile debate over the benefits 
of vaccines, where official policy originally focused 
on herd immunity, but public critiques centred 
on individual benefits and risks to people in 
certain age groups. The latter perspective later 
became included in official policy, when two of 
the available vaccines were withdrawn from the 
Danish vaccination programme. 

In making the inclusion/exclusion demarcation, 
we specifically aimed to include informants whom 
we assessed to be making data-related arguments 
that were likely to be accepted by policy makers 
as relevant. If in doubt, we erred on the side of 
excluding informants. This is not because we 
consider more radical argumentation irrelevant 
to public debate, but because we focused on the 

form of CDS which would be easiest for authorities 
to recognize (see also Ottinger, 2021) – and this 
form of impact is our focus in this paper. However, 
we recognise that by making this distinction, we 
are also reinforcing a separation between voices 
that might be heard in policy-making and voices 
that are not – a separation which we have consid-
ered in other contexts (Horst and Irwin, 2010; 
Irwin, 2006)

All interviews were video recorded. They 
followed a semi-structured interview guide (Table 
2) and were later transcribed and coded in two 
steps following Miles et al.’s (2014) process of 
coding inspired by grounded theory. Discrepan-
cies in coding were discussed among the authors 
and resolved through dialogue. Coding focused 
firstly on descriptive information on members of 
the CDS community, their motivation and their 
impact on public debate and the policy process. 
Secondly, we inductively identified four aggre-
gated themes which were seen to be important 
for understanding impact on the policy process. 
These four themes will structure our presentation 
of results in the next section: 
1.	 Description of CDS and the community
2.	 Motivation of the citizen data scientists
3.	 CDS impact on public debate 
4.	 CDS impact on the policy process 

Our informants did not always agree with each 
other. For that reason, we aim to represent the 
diversity of viewpoints rather than one coherent 
interpretation. Nevertheless, the main themes of 
our analysis are dimensions that all informants 
touch upon and where their assessments are rela-
tively aligned. 

Analysis 
The next sections will first of all describe the CDS 
community and, following this, discuss CDSs’ 
motivation to engage with COVID-19 data and 
participate in public debate. In the third and 
fourth parts, we investigate how our respondents 
consider and reflect on the impact of CDS work. 
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The CDS community and its contributions
Our focus was on people who were conduct-
ing data analysis without being professionally 
linked to the COVID-19 response. However, dur-
ing our interviews it became clear that it was not 
always easy to distinguish between CDSs on the 
one hand, and professional data scientists on the 
other; or between active CDSs and other citizens. 
Some of the Twitter users who interacted exten-
sively with data analysis did not create visualisa-
tions themselves, but helped refine and develop 
those made by others. Likewise, some of the data 
scientists working for government were often 
not trained in human epidemiology but were 
involved based on their analytic skills from other 
areas. We have made a rough categorization of 
our informants in Table 1, based on their main 
employment during the interview. However, we 
can already conclude that the definition of a Citi-
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zen Data Scientist overlaps with related categori-
zations (including professional data scientists and 
government employees).

The early period of the pandemic, from 
February 2020 to May 2020, was characterized by 
a high level of uncertainty. Social media played 
an important role as a platform for CDS activities 
from the beginning of the pandemic and even 
before Denmark had its first COVID-19 patient. 
During this early phase, Danish authorities were 
struggling with obtaining and structuring data 
and the data sources they developed were not 
publicly available. This was seen as a problem by 
CDSs and they began to campaign for greater 
data access. 

From May-June 2020 onwards, data became 
more freely available and many CDSs posted their 
work as an addition to the official charts. Figure 1 
gives an example of such work. When we asked 

Table 2. Interview guidelines. We have included the following codes in the third column: CDS descriptions, CDS 
Impact and CDS motivation, written in italics. CDS refers to Citizen Data Science, while PM/Pro denotes Policy-
maker/Person who worked with epidemic data as a profession during the COVID-19 pandemic. All interviews 
were conducted in Danish.

Question Target Rationale/code

Have you noted a larger effort of citizens visualising COVID-19 
data? Where? Twitter, Instagram, …

All To understand where debates have 
been taking place/CDS Description

How have you been involved in the many models and visuali-
sations and debates from this?

All To provide context/CDS Description

How are the visualisations or models better/worse than the 
professionally created models/visualisations? 

All To encourage the respondent to discuss 
quality/CDS Description

What impact do laypeople’s visualisations have on the debate? 
Can you give positive or negative examples?

All To initiate a discussion about public 
debate / CDS Impact

Does it have an impact on decisions? (I am thinking of e.g., “the 
green and the red wave”, prognoses based on open covid-data, 
comparisons with other countries, vaccine stats, over-reactions. 
How do you measure/demonstrate this?)

All To ensure we get a concrete answer/ 
CDS Impact

What kind of impact has it had? Can you think of the impact? 
Main influences?

All To ensure we get a concrete answer/ 
CDS Impact

How has the effort been rewarding to you? How do the cri-
tiques of your visualisations affect you personally? What drives 
you?

CDS To understand motivation/ CDS 
Motivation

Would you characterise yourself as a citizen scientist? CDS To investigate the CDS concept/CDS 
Description

How could your work support governments/decision makers? CDS To understand respondents’ own 
perception of influence/CDS Impact

How did it affect your work positively and negatively?	 PM/Pro To understand influence – both in 
positive and negative terms/CDS Impact

Do we need citizen data scientists? For what? What role? PM/Pro To assess the potential roles CDSs can 
play /CDS Impact/CDS Description
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who work together to improve their interpreta-
tions of data, relating to topics such as hospitali-
zations, deaths and incidences. They also reported 
that they had been discussing data processing 
and visualisations to give the best description 
and avoid misinterpretations. This peer review 
function within the community of CDSs is seen as 
important for their own development, but also for 
the quality of data visualisations and modelling. 

Self-identified motivations for CDS
Almost all our CDS informants referred to a wish 
to act against the unknown when asked about 
their motivation to participate. They did not want 
to rely on authorities’ and experts’ interpretations 
of the situation but felt a need to engage actively. 
The need to act was often coupled with frustra-
tion regarding the existing public debate and 
communication from authorities, such as the lack 
of data, poor quality of visualisations and appar-
ent limitations in modelling methods. As one 

Irwin et al

why our informants use Twitter for publication of 
their work, they pointed to the community they 
can link up with: “For me, Twitter is a knowledge 
platform where you get direct access to expertise” 
(CDS12). In addition, the openness of the Twitter 
stream meant that the CDSs could publish their 
data modelling and visualisations as part of the 
public debate in Denmark. 

Overall, there was a strong sense of collabora-
tion among CDSs and their followers on Twitter 
through the discussion and constructive criticism 
they shared with each other. We can interpret this 
as an example of social media’s capacity to foster 
communities of practice among citizen scien-
tists (Liberatore et al., 2018; Sleigh et al., 2021), 
albeit a self-assembled community (in contrast 
to the description by Liberatore and colleagues). 
Performing collaborative work through construc-
tive criticism was seen by CDSs as a clear strength 
and can be construed as a form of ‘extended peer 
community’ (Funtowicz and Ravetz, 1993). Several 
CDSs described themselves as an informal group 

Figure 1. Example of Twitter visualisation
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respondent expressed it when reflecting on the 
early days of the pandemic:

So I could see that this thing, it does not look 
good. The data I was looking into, in my world at 
least, they gave a completely different story than 
what was generally told in Denmark at the time. 
And then I started reacting. I started writing to 
newspapers, and I also started posting some things 
on Facebook. (CDS4)

Some of our respondents felt an obligation to get 
involved since they had expertise in epidemiol-
ogy, economics, data modelling and/or visualisa-
tion. We asked all of them whether and how their 
contributions were different from other voices in 
the general public debate. Most of them answered 
in terms of credibility and authority. Since their 
public views and arguments were based on data, 
they argued that they had more persuasive effect 
and represented more important voices: “When 
you show up with data, it is somehow more sup-
ported than if you just have an ordinary public 
debate” (CDS4).

We also found more personal motivations: ”At 
the beginning I actually had a bit of a competition 
with TV2 [a Danish TV station] about who was first 
with the numbers. It’s something like that which 
drives me too - that is, the competitive element 
…” (CDS5). Working with data also represented 
a form of emotional check for participants: “I get 
overview and control over the situation by under-
standing what is going on” (CDS8). Another was 
more direct: “it keeps my anxiety down to follow 
everything that was going on” (CDS12). For one 
of the CDSs this was the most important moti-
vational factor: “If I am to be completely honest, 
I will say that it is the psychological part which 
has motivated me the most” (CDS8). This person 
continued by explaining why he circulated infor-
mation on Twitter: 

I think that has just become the natural way to 
do this. You share your thoughts on social media 
– these are my thoughts on corona, what do you 
think? And then it is interesting to see if people 
agree or disagree and if there is something I have 
overlooked ... it is a way in which I try to establish 
control over the situation. (CDS8) 

We can gather from this respondent that reac-
tions from other CDSs were an important means 
of calibrating interpretations of the unknown. The 
motivation they describe is not simply to act, but 
to do it in collaboration with others. Generally, our 
analysis reveals that the CDSs see themselves as 
motivated by both external and internal consid-
erations. They felt they had knowledge that they 
were obliged to share, but they also used their 
CDS work to help bring their own worries and con-
cerns under control.

Impacting public debate on COVID
Most of our interviewees described how CDSs 
were informing and contributing to the general 
public debate about the pandemic: 

There are some individuals who are really talented. 
They are not only good at collecting data, but also 
at creating a good overall picture and making it 
easy to understand. Many different types of data 
are needed to be able to see and understand the 
whole situation and get an overview. (CDS10)

This description of ‘many different types of data’ 
being necessary to get the full picture was com-
mon among our CDS interviews. Very often, the 
CDS Twitter posts received numerous comments 
from a variety of people and this contributed to 
shared opinion forming and error finding. 

Especially those who only focus on a specific area 
manage to contribute something. Because if you 
delve into the infection figures, or other figures 
from COVID-19 such as wastewater or vaccine, 
then there may well be a lot of noise in the data 
- or volatilities. But if you get used to the noise or 
these volatilities - for example, that hospitalisations 
can increase over the weekend because you don’t 
discharge people during this time, but only on 
Monday - your interpretation can be better. (CDS3)

These interactions fed into the general public 
debate, which included politicians and authorities 
who followed the Twitter feed. In this way CDSs 
described a form of co-created science commu-
nication environment, where they participate and 
learn from their engagement: “We are all learning 
from these discussions and visualisations. Both 
others, and us, who participate” (CDS2).

Science & Technology Studies XX(X)
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Generally, CDSs themselves and our other 
interviewees saw their contribution to public 
science communication about the pandemic 
as an important form of impact. At some point, 
the health minister requested his staff to assess 
whether they could visualise more in line with a 
specific example taken from CDS work (PM4). And 
one of the CDSs pointed out how their communi-
cation was superior to that from authorities: 

I think we are making better visualisations [than 
authorities]. We are not forced to include for 
instance scientific confidence intervals, so we have 
more freedom with respect to communication as a 
private citizen. (CDS2)

However, the CDSs also discussed such matters in 
a more critical manner. As one of them observed: 
“Epidemiology has been rather free from politi-
cization previously, but this is just no longer the 
case” (CDS2).  Several of them raised the issue of 
misinformation: 

Unfortunately, I think that there are people who 
use them to misinform, even with very nice or 
very complex visualisations. That has clearly been 
negative - when suddenly it is about politics, rather 
than facts. I think that has probably been the most 
difficult part of this. You suddenly realise that it’s 
not just people who share facts and discuss, but 
also people who have underlying agendas and 
political drives, which I’d rather be free of. (CDS4)

Overall, we might speculate that CDSs see them-
selves as having a function as mediators in the 
grey zone between information and so-called 
misinformation. The fact that they could discuss 
scientific modelling at a complex level, but were 
acting as private people and therefore not bound 
by obligations to a scientific or other authority, 
allowed them greater liberty to traverse this field. 
However, this also points to a major question 
about quality control of the input from CDS. CDSs 
view themselves as helping to identify misinfor-
mation, but other actors might well characterize 
their input in exactly those terms. 

CDS and the policy process
CDS participation in national debate not only had 
an impact on public science communication, but 
also created effects in the policy process more 
generally. Health authorities and policy makers 
discussed how questions posed by CDSs had been 
relevant for their own development of data analy-
sis, just as they had found CDS charts useful as a 
supplement to official data analysis. A civil servant 
from the health authorities explained how they 
had often checked with experts whether mod-
els and prognoses from citizens were correct or 
whether the questions posed by CDS were valid 
and relevant. This was particularly important in 
the beginning of the pandemic:  

Things were a bit more chaotic back then and we 
did not have much data. Therefore, we wrote the 
health agency if it was correct [what the CDSs 
wrote] (…) we do not follow everything daily, so 
sometimes we are made aware of developments 
through Twitter. (PM2)

Similarly, the head of a Danish health authority 
reported that he had learnt a lot from the CDSs 
and that he respects their work as a form of ‘dou-
ble checking’. He also mentioned an example of 
a CDS with an economics background, who had 
made a prognosis for the pandemic that sup-
ported the official account although the calcula-
tions were a little different. It seems that this form 
of public review was seen as beneficial by the offi-
cial model makers: 

I think - and this is also an attitude we have in the 
model group - that we have nothing against that 
people go out and make their own models or 
re-calculate ours. The model calculations are really 
a strength because we can double check the results 
and question our models when we do not get the 
same results. (EXP3)

A Member of Parliament with a scientific back-
ground also pointed to public review as an impor-
tant function of CDS: “I think that sometimes 
errors by the model group are captured and cor-
rected afterwards because citizen scientists have 
made them aware of the error” (PM3). However, 
this form of review is not simply about finding 
errors. An expert with a central role in the official 
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modelling work described how the outside input 
helped prevent premature consensus among the 
official model-makers: 

The qualified input has especially helped to pull 
you out of your own thought pattern, which you 
can get a little trapped in if you work so intensely 
with a specific agenda. When there are so many 
things that must be done in such a short time, 
there is a pretty big risk that you won’t be able 
to stop and think twice […] it can be enormously 
useful that some qualified people from outside 
come with constructive criticism. (EXP4)

Nevertheless, some of our respondents from the 
Danish health authorities observed that this form 
of double-checking could be challenging – and 
possibly distracting - in the middle of a pandemic: 
“there are some obvious misunderstandings and 
then I can become frustrated” (PM5). 

A major focus of discussion within our inter-
views concerned whether CDS had not only 
general but also direct influence on policy making. 
Direct influence is very hard to prove. Neverthe-
less, many interviewees reported that politicians 
had used CDS posts to pose questions to the 
government. 

One example relates to the decision by the 
Danish government to remove two vaccines 
(manufactured by Johnson & Johnson and Astra 
Zeneca) on the grounds that the risk of serious side 
effects was too high relative to the risk of dying 
from COVID. Many Twitter users with knowledge 
of economics objected to this. They focused on 
the risk assessment and argued that people could 
have different considerations of risk – for instance, 
getting a vaccine sooner would free them to make 
other life choices with possible health benefits. In 
addition, a system of free choice would increase 
the total number of vaccinated people and 
thereby benefit society. After a while, the health 
authorities made the vaccines from Johnson & 
Johnson and Astra Zeneca available once again, 
conditional upon a prior medical consultation. As 
one of our informants put it: “Twitter is a form of 
barometer, and I am sure politicians follow this 
barometer” (CDS12). 

Another example relates to the choice of 
test strategy. In the first phase of the pandemic, 
the test capacity in Denmark was very low. PCR 

testing was the only available test: so-called ‘quick 
tests’ (lateral flow tests) were seen to be unreli-
able. However, one of our informants described 
how he felt himself to be part of changing this: “I 
wrote about quick tests at a time when they were 
unpopular. But some of my politician followers 
seems to have pressured the policy-makers such 
that the quick tests were introduced.” (CDS6). From 
late 2020, Denmark developed a very extensive 
test strategy and the use of professionally admin-
istered lateral flow tests became widespread. 

It is indeed difficult to demonstrate that CDSs 
by themselves changed policy-making. However, 
we do conclude that CDS work has served an 
important agenda-setting function. CDSs asked 
questions and posed data interpretations which 
led other actors, for instance, the media or parlia-
mentary members, to ask new questions, or 
consider current pandemic measures in a new 
light. Certainly, the head of a health authority in 
charge of pandemic surveillance was very positive 
about the contributions from the CDSs. After our 
interview, he posted on Twitter thanking the CDSs 
who had helped during the pandemic.

Our final finding in this sub-section relates to 
the working conditions of CDSs as well as their 
future. From the beginning of the pandemic, 
data was a very scarce resource. CDSs told us 
about sitting with printed charts and measuring 
columns with a ruler to obtain the numbers 
necessary. Later, the official data were published 
in PDF format, and people had to copy this into 
Excel sheets or other table formats to make their 
own visualisations and models. 

Based on these cumbersome experiences, 
citizens (and then politicians) started putting 
pressure on authorities to publish data in a form 
that would provide better conditions for the CDSs. 
From the end of April 2020, the health authorities 
created a daily dashboard. Similarly, vaccine data 
was inaccessible in the beginning, and the CDSs 
complained about this on Twitter. At that time, 
the head of the health authority in charge of data 
had just been appointed and the new responsible 
person explicitly prioritized making data available 
through the dashboard and basic data files. This 
was noticed by many of our CDS informants: “I 
was actually a bit surprised by this – the authori-
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ties actually think about us and are willing to use 
resources on it (…) – it is really positive” (CDS12).

Public access to data and modelling codes was 
therefore a constant theme. For some of our inter-
viewees (represented in all participant groups), 
the availability of data is a question of allowing 
extended review: “It is important that data and 
code are open for the public. It is not for criticizing, 
but for qualifying, and I have pushed forward on 
authorities to do this” (PM3). Other respondents 
(mainly CDSs and policymakers) stressed that it is 
a democratic right to be able to access data as well 
as the underlying modelling code. 

This is an important discussion, since Denmark 
has one of the best public health data reposi-
tories world-wide as well as a generally high-
quality data system. But when a new issue, such 
as COVID, emerges there is still a delay: proce-
dures need to be established for how data is to be 
extracted, collected, and checked for compliance 
and quality controlled. As some of our respond-
ents commented, the data needs of the official 
modelling group and the government were prior-
itized in the beginning and public availability was 
not at that point seen to be so crucial. It was only 
later that the contribution from CDS was consid-
ered significant. Nevertheless, our respondents 
agree on the need to make data available, and 
we can possibly count this another impact of the 
work of CDSs during the pandemic.

Discussion
This paper began with one question: Can Citizen 
(Data) Science help inform public debate and 
impact policy-making during a crisis? 

As already noted, definitive evidence of policy 
influence is hard to locate. Nevertheless, the CDSs 
in question do point to several ways in which 
their work can be seen to have had impact. These 
include influence over the media and politi-
cians, the improvement of data quality and data 
presentation, direct contact with policy-makers, 
helping dispel conspiracy theories and delib-
erate manipulations, and acting as advocates for 
more accessible information. Open data and data 
quality have been a core theme within Citizen 
Science, both in terms of data produced by citizen 
scientists themselves and, as in this case, making 

data and coding available and useful for citizens 
(Bowser et al., 2020; Hecker et al., 2019; Murray et 
al., 2021; Roman et al., 2021).

More generally, the activities of these CDSs 
can be seen as what we have termed (drawing 
upon Funtowicz and Ravetz, 1993 in particular) 
an extended peer community where new devel-
opments are reflected upon, discussed and 
analysed by a larger audience. This has performed 
a function of external scrutiny. Beyond that, it has 
increased the accountability and transparency of 
decision processes, and – at least at times – helped 
set the agenda for policy-makers. At a basic level, 
the Twitter contributions of CDSs served as an 
indicator of the controversiality or potentially-
problematic character of the latest governmental 
announcements regarding COVID: a barometer of 
public opinion.

In noting these forms of influence, it is also 
important to point to a number of ways in which 
the activities of CDS raise new questions, and 
new challenges, for public policy-making. One 
significant aspect of this concerns the relation-
ship between Citizen Data Science, the policy 
process and science communication. Sitting at 
the interface between providing technical advice 
and disseminating knowledge about COVID to a 
larger population, the CDSs effectively challenge 
the conventional idea that policy in such a field 
can operate at a distance from public and political 
debate. One prime example here was the official 
decision to suspend the Astra Zeneca and Johnson 
& Johnson vaccines based on the perceived risk/
benefit ratio, only to decide that there were other 
factors at work: not least other assessments of 
risk/benefit and the broader societal advantages 
of more extensive vaccination. In this, the CDSs 
were both opening up the discussion of COVID 
policies to a larger audience and at the same 
time reminding policy-makers that public under-
standing and public trust are essential if policies 
are to take practical effect. 

Building on that point, we have noted that CDSs 
have both worked in collaboration with policy 
makers and, at times, in some tension. The fact 
that Citizen Science can perform multiple roles in 
a case such as this - from serving as a barometer 
of public opinion to agenda-setting - can also 
make such evidence hard for policy makers 
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to digest under considerable time pressures. 
It is not difficult to imagine that civil servants 
and others could find it frustrating to deal with 
resourceful citizen scientists during a major crisis 
but also struggle to set boundaries between the 
rather focused group considered here and more 
radical perspectives. This latter discussion could 
also be found among the CDSs themselves who 
often sought to distinguish between their own 
‘informed’ views and those who were merely 
critical. 

Whilst this is understandable, the activities of 
the CDSs could be viewed as a very necessary, and 
very immediate, form of feedback from a group of 
attentive and knowledgeable observers. The CDSs 
served to impress upon policy makers that there 
are always more questions to be asked and that 
policies need to make sense in society (and not 
just in the policy room: Webster, 2007). Though 
this study presents only the Danish situation, we 
would argue that this interaction and feedback 
could be utilised in other countries with some 
degree of free speech, particularly when a crisis 
hits, be it a pandemic, the effects of climate 
change or natural disasters. In that sense, the 
existence of crisis also represents an opportunity 
for Citizen Science to help address immediate 
matters of concern when resources (scientific, 
institutional and immediately practical) may be in 
short supply.    

An immediate conclusion from our study is 
that, at least in this case, Citizen Science can be 
considered a significant asset for challenging and 
assessing science communication from authori-
ties and for testing and improving public policy 
making. In that manner, it can offer a form of 
advice which fits within current understandings 
of the scientific advisory process but also extends 
it in constructive ways. However, Citizen Science 
also offers new questions and challenges. 

Among these questions and challenges we 
would highlight, firstly, the challenge of making 
policy in a world where external observers can 
quickly focus on areas of inconsistency, discrep-
ancy and weakness. From our perspective, this 
extended peer community has many advantages, 
but it does not necessarily make it easy for the 
policy maker to operate in an increasingly open 
system (Haklay, 2021). 

The second linked challenge concerns the 
capacity of the policy process to absorb and 
respond to the inputs of citizen scientists. In 
this case, it probably helped that Denmark is a 
small and still rather consensual country (Horst 
and Irwin, 2010). Nevertheless, conventional 
policy processes are geared to expertise of more 
orthodox kinds and not that which is primarily 
communicated through social media. Whilst 
some direct influence can be pointed to in this 
case, there is also a clear risk that the expertise 
possessed by citizen scientists can get lost in the 
noise. At the same time, it can be hard to weigh 
and assess different information sources based on 
a Twitter feed.

The third, and again closely related, challenge 
relates to what we can only describe as the 
ambiguous status of Citizen Science. The fact that 
the citizen data scientists talked at times openly 
about a mix of anxiety, competition, curiosity and 
a desire for influence tells us that Citizen Science 
cannot be put in just one epistemological box 
but will spill over in different ways. Certainly, 
CDSs report employing data analysis and sharing 
as a coping or anxiety-reducing device. In wider 
debate, this has been discussed as one of the addi-
tional complications of COVID-19 as loneliness 
and general anxiety grew during the pandemic 
(Clothworthy et al., 2021; Dosemagen et al., 2022; 
Petersen et al., 2021; Varga et al., 2021). The combi-
nation of the private and the public, data and 
discussion, policy and practice might pose chal-
lenges in terms of how CDS is incorporated with 
more traditional policy advice. Nevertheless, here 
we should simply note that ‘conventional’ science 
advice is not immune from similar influences and 
pressures (van der Sluijs, 2024). 

Our fourth observation is that CDS relies on 
people’s own skills (or confidence in their own 
skills) and time availability, and probably therefore 
leads to a biased selection of perspectives and 
questions. As one prominent example, we iden-
tified few women and no ethnic minorities, 
although they might have been the groups most 
affected by the pandemic (Alon et al., 2020; Bapuji 
et al., 2020; Tai et al., 2021). 

Finally, one obvious question concerns the 
quality of the information generated by this 
group of citizen scientists. ‘Quality’ in this context 
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included but also excluded from Citizen Science 
activities.

Turning our original question around, it seems 
relevant to inquire as to the kinds of policy process 
which might best be able to maximise the policy 
potential of Citizen Science in cases such as this. 
On the basis of our discussion here, three factors 
come to mind. 

The first is the capacity of policymakers to 
avoid insulating themselves from public discus-
sion (including the voices of citizen scientists) 
but to engage with larger audiences – not only in 
the interests of democracy but also better policy-
making. 

The second enabling factor involves recogni-
tion of perhaps the most fundamental aspect of 
Citizen Science, namely that public groups can 
bring knowledge and expertise to key questions 
as well as their democratic influence. 

The third enabling factor takes us back to a 
point made early in this paper. Just as with other 
policy inputs, including those from qualified 
experts, Citizen Science is likely to be an imperfect 
source, offering both important strengths but 
also limitations. Rather than simply celebrating or 
critiquing its contribution, it is timely to evaluate 
the contribution of the citizen sciences in more 
contextual, contingent and multi-dimensional 
terms. 
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is of course open to multiple interpretations and 
perspectives (Irwin, 2019). Citizen Data Science 
might not offer a perfect representation of public 
assessments and forms of expertise. However, and 
as we have suggested above, this is not to deny 
the considerable value that this form of Citizen 
Science can possess. Certainly, and on the basis 
of the case considered above, it is hard to argue 
that decision-making in a time of crisis would 
be improved by excluding the perspectives and 
forms of evidence presented by these CDSs.

Conclusion
Kinchy (2024) has noted both the manner in which 
the voices of citizen scientists can be marginalised 
by established institutions and narrowed so as to 
operate only within a prescribed framework. We 
share this concern, but have set out to explore 
the value of Citizen Science to public policy-
making largely from the perspective of the citi-
zen data scientists themselves. To that purpose, 
we have suggested a number of forms that this 
contribution has taken in our chosen example: 
from improving data quality and presentation to 
questioning underlying policy assumptions, and 
from serving as a barometer of public concern 
to improving science communication regarding 
an issue of pressing national interest. Inevitably 
in a case of this kind, citizen scientists are not a 
cross-section of the population in question and, 
as such, they are likely to reflect certain patterns 
of interest, perspective and social status (here, a 
preponderance of professional males). However, 
that in itself does not undermine the value of their 
contribution – even if it is certainly a point to be 
kept in mind when considering CDS as a form of 
public engagement. It is legitimate to ask who is 
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